9

CQ Inc. .

PILE COPY
Ciroulate e

File ¥o --Liio—qn—

Coal Cleanability
Characterization of Croweburg
Seam Coal

to

U.S. Department of Energy
Pittsburgh, Pennsylvania
DE-FC22-90PC89663

Electric Power Research Institute
Palo Alto, California
RP1400-25

CQ-21R103



Coal Cleanability Characterization of

Croweburg Seam Coal

Prepared for:

U.S. Department of Energy
Pittsburgh, Pennsylvania
DE-FC22-90PC89663

Eleciric Power Research Institute
Palo Alto, California
RP1400-25

July 19, 1991

Prepared by:

Robert L. Dospoy

CQ inc.

One Quality Center

Post Office Box 280

Homer City, Pennsylvania 15748
(412) 479-3503

Report Na. 91R103



Table of Contents

Section Page
INTRODUCTION 1
Northeastern Station Test Program 2
Test Plan 3
Test Plan Implementation 3
Coal Background Information 5
RAW COAL CHARACTERISTICS 13
Croweburg Seam Raw Coal Characteristics 13
Wyodak Seam Raw Coal Characteristics 16
LIBERATION 20
Croweburg Seam Coal 20
Wyodak Seam Coal 22
WASHABILITY STUDIES 25
Croweburg Seam Coal 25
Wyodak Seam Coal 28
COAL CLEANING EVALUATION 30
Fiowsheet Performance 32
Trace Elements 39
Coal Blending _ 43
CONCLUSIONS 54

1 CQ Inc. + Report No. 9IRI03 * July 19, 199]



ACKNOWLEDGEMENTS The following organizations and people made important
contributions to the data and results presented in this report:

*  Messrs. L. Paul Cox, David Lehman and Doug Wagner
made the arrangements for Public Service of Oklahoma
to donate the Croweburg and Wyodak coals.

*  Mr. David Turner of Peabody Coal Company and Ms.
Sharon Roness of Kerr-McGee provided demographic
information and raw coal data for the test coals.

*  Under the direction of the Pennsylvania Electric
Company which also co-funds the CQE project, the
Homer City Coal Laboratory analyzed the test coal

samples.

*  Dr. Carol Zera of Writing Consultants Associated
reviewed and edited this report.

i CQ Inc. + Report No. 9IRI03  July 19, 1991



INTRODUCTION

Coal Quuality Expert
Project Flow

Raw Biended Clean
Coals Coals Coals
L 4 L d
|
Bench-Scale
Charaderizations

.y
' !

Pilot- Full-
Scale Scale
Combustion Combustion
Tests Tests

'

Y

Models, Laboratory
Resulis and Test
Data Correlation
ond Evaluation

4

Coal Quality
Expert

Accurately predict the

impact of coal quality

on overall plant costs
and emissions

Because the electric power generation industry must meet
the ever increasing requirements of regulatory agencies and
consumers, coal-fired utilides need a way to evaluate how
specific coals will behave in their plants before purchasing
them. Taking advantage of state-of-the-art computer
technology, the Department of Energy and the Electric
Power Research Institute (EPRI), under the Clean Coal
Technology Program, arc developing the Coal Quality
Expert (CQE), a sophisticated yet user-friendly computer
software program. CQE can provide the utility industry
with a PC expert system to confidently and inexpensively
evaluate the potential for coal cleaning, blending, and
switching options to reduce emissions while producing the
lowest cost electricity. Intended to-demonstrate the
economics and environmental benefits of cleaning coal, CQE
will enhance the use of physically-cleaned U.S. coals to
reduce emissions and power production costs.

Data collected and analyzed on raw and cleaned coals during
development of CQE will also be used to upgrade EPRI’s
Coal Quality Information System (CQIS)--a database of coal
characteristics and cleaning potential--and Coal Quality
Impact Model (CQIM)--a commercialized program that
gives the bottom linc cost of burning a given coal in a
particular boiler.

As part of the overall project, CQ Inc. (a subsidiary of
EPRI) is performing Coal Cleanability Characterizations on
20 raw coals (most of which have yet to be identified) used
in this project. Of these raw coals, 12 will also undergo
extensive cleaning at CQ Inc.’s Coal Quality Development
Center.

Coal Cleanability Characterizations are extensive evaluations
of a raw coal’s size, quality, and predicted cleaning potential.
Also included are raw coal liberation studies (which
determine the extent to which crushing liberates ash and
pyrite) and cleaning studies to evaluate each raw coal’s
susceptibilities to cleaning in various processes. Thesc
studies can help to determine whether cleaning is a cost-
effective emissions control alternative. They also can help
identify the source of site-specific boiler problems related to
a coal’s quality. While providing generic information for the
coal-producing and electric utility industries, these studies
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Northeastern Station Test
Program

are designed to satisfy the overall needs of the project and its
participants.

The data gathered from these tests and from coal cleaning
tests done on project-specified raw coals will be used in
bench-scale characterizations to assess raw coal quality,
predict and verify the effects of coal cleaning, and finally to
predict boiler performance and emissions for a specific coal.
Pilot- and six full-scale combustion test burns using the
project coals will gather additional data relating to coal
quality impacts on specific power plant costs and
performance.

The results of the above laboratory and test data will then be
evaluated and correlations made among the data to develop
new models and validate existing models that will comprise
the integrated CQE program. This program will allow
detailed predictions of coal quality impacts on total plant
capital costs, operating costs, and performance based on
inputs from inexpensive bench-scale tests.

Public Service Company of Oklahoma (PSO) is one of the
six host utilities involved in this project. Because Oklahoma
utilities are mandated by Oklahoma law to burn (on a Btu
basis) at least ten percent native Oklahoman coal, PSO is
interested in determining to what extent the Oklahoma coal
it burns may be responsible for slagging and fouling
problems experienced at its Northeastern Station’s Units 3
and 4 in Oologah, Oklahoma and if so, whether cleaning the
Oklahoma coal can help eliminate these problems. The
Croweburg Seam is one of the Oklahoma coal seams burned
at the Northeastern Staton. This coal is notably different
from the coal for which these units were designed. The
boilers at these units were designed to burn low volatile,
subbituminous coal from the Powder River Basin. Presently
PSO purchases this coal from Kerr McGee, which mines the
Wyodak Seam in Wyoming.

In order to investigate the impact of Croweburg Seam coal
on PSO’s boilers and to gather information on whether this
same coal can be cleaned to decrease slagging and fouling
and reduce emissions, a comprehensive testing plan was
developed by the research team involved in this project.
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Test Plan

Test Plan Implementation

The Test Plan called for Croweburg Seam coal to be
physically cleaned in three different flowsheet tests so that at
least one test would produce a minimum clean coal energy
recovery of 86 percent. Based on the results of the
flowsheet tests, once of the cleaned Croweburg Scam coals
would be blended at CQ Inc. with raw Wyodak seam coal
and shipped to Combustion Engineering in Windsor,
Connecticut, for pilot-scale combustion tests.

These combustion tests were designed to simulate the firing
properties of burning a cleaned Oklahoma and raw
Wyoming blend in the Northeastern Station’s boilers. Also,
the information gathered from these tests would help to
determine whether cleaning the Oklahoma coal would
improve the overall performance of Units 3 and 4. Figure 1
illustrates the coal sources and test sites involved in the
Northeastern Station testing.

PSO provided coal mined at Peabody Coal Company’s
Rogers County No. 2 mine located near Vinita, Oklahoma.
The coal was surface-mined from the 12-in. to 15-in. thick
Croweburg Seam. On July 17, 1990, five covered rail cars,
carrying approximately 500 tons of coal directly from the
mine, arrived at CQ Inc’s Coal Quality Development Center
(CQDC) in Homer City, Pennsylvania. In the following
months, this coal underwent extensive flowsheet and
laboratory testing.

PSO also provided the Wyodak Seam coal. Presently this
coal is purchased from Kerr McGee’s Jacob’s Ranch Mine
near Gillette, Wyoming. On September 20, 1990, two
trucks carrying a total of 43 tons of Wyodak Seam coal
(taken from the Northeastern Station’s stockpile) were
received at CQ Inc. This coal was stored and later used to
produce the coal blends for combustion testing. A Coal
Cleanability Characterization was also performed on this
coal, although no flowsheet testing was done since this
subbituminous coal is low in both ash and sulfur content.

Coal Cleanability Characterizations routinely measure the
extent to which a particular coal can be cleaned through a
series of laboratory and commercial-scale tests. To date, CQ
Inc. has characterized the cleanability of more than 30
nationally important uality coals, including coals from 12
states and two Canadian provinces.
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Figure 1. Coal Sources and Test Sites for Northeastern Station Plant Testing.
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Coal Background Information

Specifically, a coal cleaning characterization can be divided
into three main components:

*  Raw-coal characterization
+ Liberaton studies
+  Commercial-scale cleaning tests

A raw coal characterization uses extensive laboratory analyses
from size and washability tests to provide general
information about the quality of a raw coal. Liberation
studies help determine the degree of pure coal (or mineral
matter) that can be liberated by progressive crushing,.
Commercial-scale cleaning tests allow engineers to select and
test coal cleaning devices capable of cffectively and efficiently
cleaning a particular coal.

Although Croweburg Seam coal had not previously been
characterized at the CQDC, preliminary laboratory tests on
the delivered coal indicated that it would respond well to
physical cleaning techniques. Using the data gathered from
these preliminary tests, CQ Inc. engineers designed a
comprehensive testing schedule to evaluate the properties of
the Croweburg Seam coal.

Of the three flowsheet tests performed, each one was
designed to produce an improved quality clean coal, with
one having a minimum 86 percent energy recovery. In
order to achieve this goal, various operating parameters
within the selected flowsheets were changed from test to
test.

PSO purchases Croweburg Seam coal from Peabody Coal
Company, Marine Coal Sales, and Patch Coal Company. At
the time of testing, the preferred source was Peabody Coal
Company because its operations are larger and better
equipped to provide a supply of this particular fuel.

As mentioned carlier, PSO purchases the majority of its coal
from Kerr McGee’s Jacob’s Ranch Mine located in
Wyoming’s Powder River Coal Basin. Additional coal seam
information provided by PSO, Peabody, Kerr McGee, and
the 1991 Keystone Coal Industry Manua{ is summarized
below.
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Croweburg Seam As shown in Figure 2, Croweburg Seam coal is found in
three states: Oklahoma, Kansas, and Missouri. The seam
ranges in thickness from approximately 12 to 42 inches.
The coal in this seam is classified as medium-high volatle
bituminous with sulfur contents ranging between 0.4
percent and 10.0 percent and as-received heating values in
excess of 10,000 Bru/lb. Typical uses of this coal are for
steam generation and in lime and cement kilns. Table 1
shows Crowcburg Scam coal production by state.

Figure 2. Croweburg Seam Codal

Table 1. Croweburg Seam Coal Production. (Tons)

Year Qklohoma Missouri Kansas
1987 845,000 25,000 180,000
1988 440,000 32,000 95,000
1989 539,000 41,000 145,000
1990 Figures not yet avoilable
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Typically, coal beds in Oklahoma are 0.8 to 10 feet thick,
0.4 percent to 6.5 percent sulfur and contain from 11,500 to
14,500 Bru’s. Utility-used coal (in 1986) averaged 3.0
percent sulfur, and total coal production statewide averaged
2.5 percent sulfur. The Oklahoma Department of Mines
reported 1.77 million short tons of coal produced in 1986.
In 1987, with passage of the state law requiring Oklahoma
power plants to burn at least 10 percent Oklahoma Coal (by
Btu value), more than 50 percent of the 1.8 million tons of
Oklahoma coal produced was being shipped to the
Oklahoma electric utilities, Public Service Company of
Oklahoma (PSO) and Oklahoma Gas and Electric Company
(OG&E).

Oklahoma. In Oklahoma, most of the Crowcburg Scam
coal contains less than one percent sulfur (with an average of
0.6 percent) but in the southernmost region (Okfuskee
County), it contains from 1.4-3.5 percent sulfur.

Croweburg coal has been the leading coal produced in
Oklahoma. It is high volatile A and B bituminous in rank
and is generally 1 to 3.5 feet thick.

Overburden (40 to 100 feet thick) consists of a thin black
shale, thick gray shale, silty sandstone, Verdigris limestone,
shale, sandstone, and the Iron Post Seam coal.

In 1988 nine surface mines produced 440,855 tons of this
coal. This figure is 21 percent of the state’s total production
of 2.12 million tons. The Croweburg Seam is mined in
Craig, Rogers, Nowata, Tulsa, Okmulgee, and Wagoner

courntics.

In 1988, all the coal produced in Oklahoma (including the
Croweburg Seam) was produced from surface mines.
However, in 1989 one underground slope mine was opened
in the Croweburg Seam. Since 1987 over 90 percent of all
the Croweburg Seam coal produced in Oklahoma was
shipped to udlities. (A specific breakdown was not
available.) The remainder was sold to brokers and small
lime and cement kilns. Table 2 shows a breakdown, by
year, of Croweburg Seam in Oklahoma.
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Table 2. Uses of Croweburg Seam Codal in Oklahoma

Year Production Sold to Utilities Other

1987 845,000 765,000 80,000
1988 440,000 400,000 40,000
1989 539,000 485,000 53,000
1990 Figures not yet available

Approximately 687 million tons of recoverable Croweburg
Scam coal remains in Oklahoma. Of this total, 53 million
tons are in Craig County. Croweburg coal has been known
as Broken Arrow, Henrietta, and Sequoyah coal.

Missouri. Croweburg Seam coal, in Missouri, lies in the
lower part of the Pennsylvanian strata and is of Middle
Pennsylvanian age. It is a thin seam that is widespread and
persistent. In west Missouri this scam ranges in thickness
from 11 to 30 inches and is currently being surface mined in
Vernon County.

As-received analyses give average values for the following
parameters:

*  Moisture 14.1
* Ash 8.9
«  Sulfur 4.3

Bry/lb 11,051

In north central Missouri, the Croweburg is an important
reserve in six counties, where it ranges in thickness from 17
inches to 36 inches. In Henry County it is often mistakenly
called the Bevier. Other names used to identify Croweburg
Seam coal in Missouri are:

One Foot
Lower Ardmore
Moundville
Soadstone
Little Tebo

Fire Clay
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Kansas. Presently, in Kansas, Croweburg coal is found in
three counties: Bourbon, Cherokee, and Crawford. Total
recoverable reserves of this seam are approximately 45
million tons. These reserves are found in the Southeastern
Kansas Coal Field.

Overall the scam has an average thickness of 14 inches and
is mined in Crawford County. A typical analysis follows:

*  Moisture (Wt %) 4
*  Ash (Wt %) 17
*  Sulfur (Wt %) 4
*  Buy/lb 12,000
*  Dry Bruy/lb 14,800
*  Ash-softening 2,200°F

Other names used to identify this coal are:

One Foot
Cato
Huntsinger
Mud Seam
Fire Clay

Of the total Croweburg Seam coal mined in Kansas, over
117,000 tons are produced at two mines; the rest is
produced by smaller operators. The coal is predominately

used in steam production.

In conclusion, Croweburg Seam coal, where it is found,
averages less than eighteen inches in thickness with
overburden heights up to 100 feet. Recovery of this coal in
many areas is uneconomical, and often it is mined in
conjunction with other seams. Its reladvely high heating
values make it a good fuel for lime and cement kilns and in
some areas its sulfur content is low enough for it to be
classified as "compliance" coal. Table 3 gives a breakdown
of Croweburg Seam coal by state and the known recoverable
reserves.

9 CQ Inc. * Report No. 9IR103 * July 19, 1991



Wyodak Seam Coal

Table 3. Recoverable Reserves of Crowehurg Seam Coal

Seam Thickness Recoverable Reserves
State (f.) (million tons)
Qkishoma 1.1-3.4 657
Missouri 1.4-3.0 256
Kansas 1.0-1.5 45

Due to the increasing development of the vast nearby
Powder River Basin coal resources, it is unlikely that
Croweburg Seam coal will gain further importance or make
significant contributions to the energy requirements of users
outside their native states.

The Wyodak Seam is one of the many seams mined in the
vast Powder River Basin. As shown on the map in Figure
3, the Powder River Coal Basin is situated in northeast
Wyoming and includes Campbell county and portions of
Sheridan, Crook, Weston, Niobra, Converse, Natrona, and
Johnson Counties. A total of eighteen mines, owned by
fifteen different companies mined 142.4 million tons during
1988. This coal field also extends into the southeast portion
of Montana in the counties of Big Horn, Powder River,
Rosebud, Custer, and Garfield. Here five mining companies
with six mines produced 38.7 million tons of coal from the
Powder River Basin. This represents over ninety percent of
the state’s total production.

The Wyodak Seam coals produced in Wyoming and
Montana are shipped primarily to utilities in the Central and
Gulf states. A limited amount is used to fuel power plants
in their native states,

Wyoming. In 1988, 97.5 percent of the coal mined in
Wyoming was used to fuel power plants in Wyoming and
cighteen other states, one of which is Oklahoma. Public
Service Company of Oklahoma burns Powder River Basin
coal supplied by Kerr-McGee’s Jacob’s Ranch Mine.
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Figure 3. Wyodak Seam Coals. Powder River Basin Coal.

The Jacob’s Ranch mine, located in Campbell County, mines
coal from the Wyodak Seams; Upper, Middle, and Lower.
Total thickness of the three seams is about sixty-five feet
with approximately 150 feet of overburden. The coal
produced is sub-bituminous with heating values ranging
between 8,300 and 8,800 Btru’s. Ash content generally falls
between 4.8 and 7.7 percent with sulfur content between
0.3 and 0.8 percent. These values are typical for the
Wyodak seam.

This seam is frequently 50-100 feet thick and extends for
more than 100 miles along the eastern side of the Powder
River Basin. This seam has been called the Wyodak-
Anderson and Anderson Canyon and Smith Roland coal.

The reserve of coal that can be mined (at 19 billion tons)
makes it perhaps the largest single coal bed in the United
States. An average moisture-free analysis typical of most
Wyodak Seam coal is summarized in Table 4.

11 CQInc. * Report No. 91R103 + July 19, 1991



Table 4. Typical Wyodak Seam Coal Analysis

Moisture (Wt %) 29.8
Volatile Matter (Wt %) 30.7
Fixed Carbon (Wt %) 33.5
Ash (Wt %) 6.0
Sulfur (Wt %) 0.5
Btu/lb 8,220

North of Gillette, the Wyodak Seam remains intact, but in
some locations partings separate it into two or three seams.
Other names for this coal are Smith Roland and Anderson
Canyon. The Anderson Canyon Seam is also found in
Montana.

Montana. Of the nine active mines in Montana’s Powder
River Basin, three of them are mining the Anderson Canyon
(or Anderson) Seam. This activity accounted for 15.4
million tons in 1988 and 16.1 tons in 1989 (which is 40
percent of the state’s production in 1988 and 43 percent in
1989). Thesc figures show an increase in production in the
Anderson Seam while coal production for the entire state
decreased by four percent during that same period.

Approximately 99 percent of the coal mined in Montana is
used for power generation, with the remaining is used for
home heating. Besides Montana utilities, utilities in four
other midwestern states and one southern state (Louisiana)
currently purchase coal from companies mining the
Anderson Seam. These midwestern states are Indiana,
Michigan, Minnesota, and Wisconsin.

Analyses show a sulfur range from 0.11 to 1.63 percent, ash
from 3.8 to 10.6 percent, and heating values averaging 9280
Bay/Ib.

About 50 billion tons of coal that can be mined remains in
the Powder River Basin. The companies presently mining
the Anderson Seam hold approximately 6.3 billion tons of
recoverable reserves.
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RAW COAL CHARACTERISTICS

Croweburg Seam Raw Coal
Characteristics

Size Analysis

In mid-1990, approximately 500 tons of Croweburg and 40
tons of Wyodak raw coals were shipped to CQ Inc.’s Coal
Quality Development Center (CQDC) in western
Pennsylvania. Six-ton samples of each coal were collected at
CQDC’s primary sampler as each was received. These
samples were scnt to the laboratory where they were split
into one-ton subsamples, which were used for raw-coal
characterization tests. The laboratory performed the
following tests on the raw coals:

*  Screen Analysis

*  Washability Analysis

»  Head Analysis

*  Trace Element Analysis

Summaries of the raw coal laboratory data are given in
Tables 5 through 8. Detailed laboratory specifications and
raw coal data are given in Appendix A. Analyses from these
tests allow general statements to be made about the quality
of the raw coals. They also allow evaluation of cleaning
scenarios other than those tested at commercial scale.
Summaries of the raw coal data are given in Tables 5
through 8. Detailed raw coal data are found in Appendix A.

The raw Croweburg Seam coal had a total moisture content
of 9.42 percent and the following general characteristics,
reported on a dry, weight percent basis:

»  Ash (Wt %) 13.16
+  Volatile Matter (Wt %)  33.76
+  Fixed Carbon (Wt %) 53.08
¢ Total Sulfur (Wt %) 0.69
«  Pyritic Sulfur (Wt %) 0.28

The Croweburg raw coal had a calculated dry, mineral
matter-free fixed carbon value of 70, which according to
ASTM classifications, places it in the medium volatile
bituminous class. This is typical of Croweburg seam coal
from northeastern Oklahormna.

Raw coal size data are summarized in Table 6 and detailed
raw coal size data are in Appendix A. This information
shows that the smallest size fraction (minus 200 mesh)
contains the highest percentage of ash and the lowest sulfur
content. Some beneficiation of this coal can be achieved by
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sizing alone. For example, removing the minus 200 mesh
size fraction during cleaning reduces the ash content of the
coal from 13.5 percent to 10.7 percent.  Since the raw coal
is low in sulfur to begin with, such removal would have
little effect on total sulfur or SO, emissions potential.

Table 5. Raw-Coal Quality Summary. Croweburg Seam Coal (Dry Basis).

PROXIMATE ANALYSIS

Total Moisture (Wt %) 9.42
Ash (Wt %) 13.16
Volatile Matter (Wt %} 33.76
Fixed Carbon (Wt %) 53.08
Heating Value (Btu/Ib) 12,672
Sulfur
Total (Wt %) 0.69
Pyritic (Wt %) 0.28
Pyritic/Total (%) 41
5O, (Ib/MBtu} 1.09
Ash (fb/MBtu) 10.39
Hardgrove Grindability (HG!) 62
Chlorine (Wt %) 0.24
LiO, (Wt % in Ash) 0.01
ULTIMATE ANALYSIS
Carbon (Wt %) 71.02
Hydrogen (Wt %) 4.4}
Nitrogen (Wt %) 1.50
Sulfur (Wt %) 0.69
Ash (Wt %) 13.16
Oxygen (Wt %) 9.22
SIZE DISTRIBUTION (Wt %)
+1 1/2-in. 1.5
1 1/2-in. x 3/4-in. 19.2
3/4-in x 3/8-in. 22.4
3/8-in. x 28M 44.4
28M x 100M 4.8
100M x 200M : 1.4
200M x O 6.4
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Table 5. Raw-Coal Quality Summary (Continved). Croweburg Seam Coal, (Dry Basis}.

ASH FUSIBILITY (°F)

{Reducing/Oxidizing)
Initial Deformation 2064/2147
Sottening 2111/2207
Hemispherical 2149/2267
Fluid 2215/2357
ASH COMPOSITION (Wt %)
SiO, ' 47.04
AlLO, ‘ 15.69
Fe, O, 11.24
CaO 16.51
MgO 1.32
Na,0 0.64
K,0 2.47
TiO, 0.70
MnO, 0.22
PO, 0.37
SO, 2.19
Ash Type Lignitic
Slagging Index 2105 thigh}
Fouling Index 0.64 {low)

15 CQ Inc. + Report Nu. 9IR103 + July 19, 1991



Table 6. As.Received Raw Coal Size Data. Croweburg Seam Coal.

Size
Passed

1 1/2-in.
3/4-in.
3/8-in.
28 mesh
100 mesh
200 mesh

Size

Retained

1 1/2-in.
3/4-in.
3/8-in.
28 mesh
100 mesh
200 mesh

Cumulative
1.49 11.53 0.65 11.53
19.18 9.35 0.60 9.50
22.36 8.99 0.70 9.24
44 .36 10.70 0.70 9.98
4.79 19.26 0.79 10.46
1.42 25.63 0.83 10.69
6.40 54.11 0.52 13.47

Wyodak Seam Raw Coal

Characteristics

Size Analysis

As shown in Tables 7 and 8, the raw Wyodak coal had a
total moisture content of 31.63 percent and the following
general characteristics, reported on a dry weight percent
basis:

*  Ash (Wt %) 6.68
*  Volatile Matter (Wt %) 43.48
*  Fixed Carbon (Wt %) 49.84
+  Total Sulfur (Wt %) 0.54
*  Pyritic Sulfur (Wt %) 0.11

The as-received Wyodak raw coal had a calculated moist,
mineral matter-free Bru value of 8,782 which, according to
ASTM classifications, places it in the subbituminous C class.
This is typical of the Wyodak Seam and other coals from the
Powder River Basin.

As-received raw coal size data are summarized in Table 8
and detailed raw coal size data are in Appendix B. This
information shows that the smallest size fraction (minus 200
mesh) contains the highest percentage of ash and a relatively
low sulfur content. However, no real beneficiation of this
coal can be achicved by sizing alone.
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Table 7. Raw Coal Quality. Wyodak Seam Coal (Dry Basis).

PROXIMATE ANALYSIS

Total Moisture (Wt %)
Ash (Wt %)

Volatile Matter (Wt %)
Fixed Carbon (Wt %)}

Heating Yalue (Btu/ib)
Sulfur
Total (Wt %)
Pyritic (Wt %)
Pyritic/Total (%)
SO, (Ib/MBtu)

Ash (Ib/MBtu)

Hardgrove Grindability (HGH)
Chlorine (Wt %)

LIO, (Wt % in Ash)

ULTIMATE ANALYSIS
Carbon (Wt %)
Hydrogen (Wi %)
Nitrogen (Wt %)
Sulfur (Wt %)
Ash (Wt %)
Oxygen (Wt %)

SIZE DISTRIBUTION (Wt %)
+1 1/2-in.

-1 1/2-in. x 3/4-in.
3/4-in x 3/8-in.
3/8-in. x 28M
28M x 100M
T100M x 200M
200M x 0

31.63

6.68
43.48
49.84

11,919

0.54
0.11
21

0.91

6.68
57

0.04
0.01

68.14
4.94
0.92
0.54
6.68

18.78

2.69
13.78
27.82
45.03

4.71

1.31

4.66
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Table 7. Raw Coal Quality Summary (Continved). Wyodak Seam Coal (Dry Basis).

ASH FUSIBILITY °F)

{Reducing/Onxidizing)
Initial Deformation 1990/2170
Softening 2075/2215
Hemispherical 2079/2218
Fluid 2082/2226
ASH COMPOSITION (Wt %)
SiO, 32.55
Al O, 14.08
Fe,O, 6.37
CaO 20.48
MgQO 3.73
Na,O 0.84
K,O 0.49
TiO, 0.60
MnQ, 0.06
PO, 1.25
SO, 17.30
Ash Type Lignitic
Slagging Index 2105 (high)
Fouling Index 0.64 (low)
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Table 8. As-Received Raw Coal Size Data. Wyodak Seam Coal.

Size Size Cumulative
Passed Retained Wi% Ash Sulfur Ash
1 1/2-in. 2.69 6.77 0.41 6.77
1 1/2-in. 3/4-in. 13.78 5.79 0..45 5.95
3/4-in. 3/8-in. 27.82 5.87 0..50 5.90
3/8-in. 28 mesh 45.03 6.15 0..55 6.03
28 mesh 100 mesh 4.71 7.39 1.10 6.09
100 mesh 200 mesh 1.31 8.22 1.19 6.12
200 mesh 4.66 17.78 0.67 6.67
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LIBERATION POTENTIAL

Croweburg Seam Coal

Physical coal cleaning processes can only separate physically
discrete particles. If a single particie is composed of 50
percent coal and 50 percent mineral matter, the mincral
matter must be accepted as part of the clean coal or part of
the refuse. Crushing the particle to produce a number of
smaller particles can change the relative composition of the
new particles. If complete liberation occurs, each new
particle will be composed of pure coal or pure mineral
matter. However, it is not currently cost effective to crush
or grind any coal fine enough for complete liberation, but
increasing the degree of liberation can increase the amount
of energy recovered from the raw coal during the cleaning
process, thereby reducing cleaning costs. Detailed raw coal
liberation data are found in Appendices C and D.

This investigation quantified the impact of progressive
crushing on the Croweburg and Wyodak seam coals. In this
study, various subsamples of the raw coal were crushed to
topsizes of 3/4-in., 3/8-in., 28 mesh, and 100 mesh. Each
subsample was then subjected to washability analyses and
compared to their respective raw coals.

Figures 4, 5, and 6 depict the composite washability of all
size fractions of the uncrushed Croweburg Seam coal and
the same coal crushed to four different topsizes. Figure 4
shows that progressive crushing liberates sulfur, which
would also lower sulfur dioxide emissions (Figure 5) while
significantly increasing energy recoveries. Since this coal is
already a compliance coal, the benefits achieved in lowering
the SO, emissions potential from 1.1 down to 0.75
Ibs/MBtu may not offset the energy costs associated with
crushing and cleaning fine-sized. As for the ash content,
illustrated in Figure 6, crushing can produce significant
reductions in ash-forming mineral matter.
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Wyodak Seam Coal
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Figure 6. Ash Liberation Potential. Croweburg Seam Coadl.

The liberation studics done on this coal show somewhat
similar rclationships to the Croweburg Secam coal between
crushing and the degree of achievable liberations. As
Figures 7 and 8 appear to indicate, sulfur and the resulting
SO, emissions potental are reduced by crushing as well as
providing significant ash reductions (Figure 9). However,
this is probably attributable to noise in the data since there
are some discrepancies between the amounts of
contaminants in the various size fractions. Therefore,
crushing Wyodak Seam coal to achieve ash and sulfur
reductions is not likely to be effective.
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WASHABILITY STUDIES

Croweburg Seam Coal

" A washability analysis is a laboratory float/sink test in which

a sized sample of coal is placed in a serics of liquids of
known specific gravity. These hiquids are used to partition
the coal sample into a series of specific gravity fractions.
Coal particles, which are relatvely light, float; mineral
particles, which are denser than coal, sink. These laboratory
separations or washability studies are used to theoretically
determine the most profitable way to clean a particular coal
as well as evaluate the types of equipment to use in cleaning.
The degree to which these laboratory results directly reflect
the performance of commercial coal cleaning equipment
depends on the equipment used, methods of operation, clean
coal quality desired, and raw coal characteristics.

Raw coal liberation data can be used in washability studies
to determine the degree of cleaning possible. One of the
uses of cumulative float data is the evaluation of the
percentage of near gravity material (the amount of feed
material within plus or minus 0.1 specific gravity unit of the
specific gravity of separation) in the coal. These evaluations
help predict the difficulty that might be expected when
making separations at certain specific gravities.

Percent Near Gravity Particles Difficulty in Separation

0-7 Simple

7-10 Moderately Difficult
12-15 Difficult

15-20 Very Difficult

20-25 Exceedingly Difhicult
Above 25 Formidable

Raw coal liberation data are also used to help determine
operating parameters of cleaning processes and equipment.

Table 9 illustrates the cumulative float-sink data from the
liberation studies performed on the Croweburg Seam coal.
From these data it was concluded that separadons at specific
gravities above 1.45 would be simple, whereas those below
1.45 would be moderately difficult at best.
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Table 9. Cumulative Float-Sink.

Sink Float W (%)

1.250 26.58
1.250 1.300 68.81
1.300 1.350 77.93
1.350 1.400 82.10
1.400 1.450 83.16
1.450 1.500 84.22
1.500 1.550 85.29°
1.550 1.600 86.37
1.600 1.800 87.86
1.800 2.000 90.79
2.000 2.450 93.65
2.450 100.00

* Interpolated values

The above data were used to construct the theoretical yield
curve shown in Figure 10. Line graphs such as these
provide general information concerning the operation of the
equipment used to clean this coal. The "knee" of the curve
generally represents the economic limit for quality
improvement through cleaning because the relationship
between vield and quality deteriorates below this point.
Using this criterion, cleaning Croweburg coal below a
specific gravity of approximately 1.4 is not likely to be
economical.

Another line graph, shown in Figure 11, "Energy Recavery
versus Specific Gravity,” indicates the approximate specific
gravity where separations should occur to produce a desired
energy recovery. One of the coal cleaning specifications for
this program was to produce cleaned coals with a minimum
of 86 pecrcent energy recovery. The graph shows that any
gravity separation above 1.40 should produce the desired
coal quality.
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In summary, the analysis of the raw coal data indicated that
the Croweburg Seam coal could be physically cleaned to
produce three levels of improved quality coals.

Wyodak Seam Coal Although it was not the intent of this project to perform
actual commercial-scale cleaning studies on the Wyodak
Seam coal, evaluations of the potential cleanability were
done. Table 10 summarizes the cumulative float-sink data
for the raw Wyodak coal.

Table 10. Cumvlative Float-Sink

Sink Flogt Wt (%)
1.250 2.11
1.250 1.300 64.18
1.300 1.350 80.82
1.350 1.400 20.39
1.400 1.600 97.31
1.600 1.800 98.78
1.800 2.000 99.24
2.000 2.450 99.64
2.450 100.00

From this information, separations above 1.60 would be
simple, while those from 1.40 to 1.60 would be moderately
difficudt. Theoretically, a 1.50 specific gravity separation
should produce a yield in excess of 90 percent with a 90
percent enetgy recovery. These values were obtained from
the theoretical curves illustrated by Figures 12 and 13.

This study shows that although it may not be desirable to
clean Wyodak Seam coal at the present time, cleaning could
be performed if it became required as part of future
emission or toxic control programs or to increasc thermal
efficiency.
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COAL CLEANING EVALUATION The Croweburg Scam coal was cleaned utlizing a flowsheet
consisting of three main separating devices: heavy-media
cyclones (HMC), water-only cyclones (WOC), and froth
flotation cells (FF). Following a series of set-up tests, three
flowsheet tests were conducted, with the circulating specific
gravity of the HMC circuit varied for each test. Cyclone
apex diameters, vortex finder lengths, and frother/collector
dosages were also varied from test to test. Components of
these flowsheets are summarized in Table 11.

Table 11. Croweburg Flowsheet Configurations

Feed Size to Cleaning Device

Test CQ Run Plant HMC
No. No. Feed HMC wOC FF .G

i 90051901  Crushed 3/4“x 0  3/4" x 28M 28Mx 0 100M x 325M 1.55
2 90051902  Crushed 3/4"x 0 3/4" x 28M 28M x O 100M x 325M 1.40
3 90051903  Crushed 3/4"x 0  3/4" x 28M 28M x 0 100M x 325M 1.80

Figure 14 shows the HMC-WOC-FF flowsheet used for the
tests. The run-of-minc coal was crushed to 3/4-in. topsize
and fed to the plant at a rate of 15 tons per hour. The raw
coal was fed to a double-deck, raw-coal deslime screen; the
screen’s top deck scalped off coal larger than 3/4-in., and the
bottom deck was fitted with 0.5mm profile wire, resulting
in a 28 mesh separation. The 3/4-in. x 28M coal was mixed
with a heavy-medium suspension of finely-ground magnetite
in water and pumped to a 14-in.-diameter Roberts &
Schaefer heavy-media cyclone. Both the HMC clean coal
and refuse products were drained and rinsed of medium on
a combination of sieve bends and vibrating screens, and
dewatered in separate basket centrifuges.
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Flowsheet Performance

The 28M x O raw coal (deslimed screen underflow) was
sturried and cleaned in a two-stage, middlings recirculation,
water-only cyclone circuit consisting of a Krebs 10-in.-
diameter primary cyclone and a Krebs 6-in.-diameter
secondary cyclone. The 28M x 0 primary WOC overflow
was sized at 100 mesh by a VariSieve fine coal sieve bend,
with the 28M x 100M clean-coal product dewatered by a
screen-bowl centrifuge and the 100M x 0 underflow routed
to a froth flotation sump. This material was pumped from
the flotation sump to a bank of seven 4-in.-diameter
thickening cyclones and classified at a nominal size of 325
mesh. The 100M x 325M material was conditioned with
frother and collector, and fed to two banks of four 21 cubic
foot WEMCO froth flotation cells. The clean coal
concentrate was dewatered in a screen-bowl centrifuge and
then discharged onto the clean coal conveyor, along with the
28M x 100M primary WOC overflow and 3/4-in. x 28M
HMC overflow products. The froth tailings, thickening
cyclone overflow, and secondary WOC underflow were
thickened in a static thickener, and then dewatered by a
solid-bow! centrifuge. These refuse materials were
subsequently discharged onto the refuse conveyor, along
with the dewatered HMC underflow product.

Coal cleaning produced relatively high weight yields and
encrgy recoveries for all three flowshects (Table 12).
Flowsheet 2 had a yield of 80 percent and an 89 percent
energy recovery while the yield of Flowsheet 1 increased to
82 percent with an energy recovery of 91 percent. Overall,
Flowsheet 3 produced the highest yield (87 percent) and the
greatest energy recovery (91 percent). Note that all of the

- Flowsheet tests produced energy recoveries that exceeded the

targeted parameter of 86 percent. Even at these high
energy recoveries, significant reductions in ash and SO,
emissions potential were obtained with all flowsheets.
Flowsheet 1 reduced the ash 57 percent and the SO, 14
percent, Flowsheet 2 reduced the ash 67 percent and the
SO, 19 percent, and Flowsheet 3 reduced the ash 54 percent
while reducing the SO, 16 percent.

Appendix E gives weight-percent yields (Wt %) and tons-

per-hour yields of the various components used in the three
flowsheet tests.
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Table 12. Flowsheet Performance

Performance Parameters Flowsheet 1 Flowsheet 2 Flowsheet 3

Yield (Wt %, Dry)
Energy Recovery (%)
Ash Removal (Wt %)
Ash Reduction (%)
SO, Reduction (%)

82 80 87
21 90 95
61 71 57
57 67 54
14 19 16

Combustion Related Laboratory
Analysis

Table 13 compares important raw coal and clean coal
parameters. The table shows that all three flowsheets
significantly lowered the ash content of the raw coal. The
raw coal ash of 10.39 Ib/MBtu was lowered to 4.79
lb/MBtu by Flowsheet 1, to 3.42 1b/MBtu in Flowsheet 2,
and to 4.9] Ib/MBmu in Flowsheet 3. Cleaning also
decreased the SO, emission potential of the raw Croweburg
coal. From a raw coal value of 1.09 Ib/MBtu, Flowsheet 1
produced an emissions potential of 0.90 {b/MBtu, Flowsheet
2 produced an SO, value of 0.88 Ib/MBtu, and Flowsheet 3
reduced the SO, potential to 0.95 1b/MBru.

As should be expected because of the significant reductions
in the non-combustible mineral matter content of the raw
coal, the dry heating value of the raw coal was increased
from a raw coal value of 12,672 Buy/lb to 13,854 Btw/ib,
14,168 Bru/lb and 13,728 Btu/Ib in Flowsheets 1 through
3, respectively. :

In addition to the above commonly measured parameters of
ash, sulfur, and Btu, the following additional laboratory
analyses were also performed to evaluate the cleaning of
Croweburg Seam coal:

Ash composition

Ash fusibility
Hardgrove grindability
Proximate analysis
Ultimate analysis
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Table 13. Raw and Clean Coal Comparisons. (Dry Basis, Except Where Noted).

Raw Codl Flowsheet 1 Flowsheet 2 Flowsheet 3
Ash 10.39 |b/MBty 4.79 Ib/MBtu 3.42 lb/MBtu 4.91 |b/MBtu
SO, 1.09 Ib/MBtu 0.90 Ib/MBtu 0.88 ib/MBtu 0.95 1b/MBiu
Ash Composition (Wt %) Ash Basis, SO. Free, Normalized to 100%
Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3
502 48.90 50.35 54.43 49.76
AlL,O, 16.31 18.93 21.37 16.37
Fe,O; 11.68 11.78 11.40 12.52
CaO 17.16 13.43 6.29 16.13
MgO 1.37 1.45 1.65 1.34
Na,O 0.67 0.52 0.56 0.36
K,O 2.57 2.80 3.53 2.52
TO, 0.73 0.44 0.54 0.72
MnO, 0.23 0.18 0.10 0.22
P,0, 0.39 0.12 0.11 0.07
Total 100.00 100.00 100.00 100.00
Ash Fusion Temperotures {°F) (Reducing/Oxidizing)
Raw Coal Flowsheet 1 Flowsheet 2 Flowsheet 3
Initial
Deformation 206472147 2068/2254 2164/2289 209172121
Softening 211172207 2163/2293 2233/2331 2118/2178
Hemispherical 214972267 2191/2348 2283/2425 2136/2197
Fluid 2215/2357 2218/2382 2422/2510 216072291
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Table 13. Raw and Clean Coal Comparisons (Continued). (Dry Basis, Except Where Noted).

Hardgrove Grindability iIndex (HGI) at Stated Residual Moisture

Raw Coal

62 @ 3.08

Heating Value
(Dry, Btu/lb) 12,672

Proximate Analysis (Wt %)

Raw Coadl

Ash 13.16
Volatile Matter 33.76
Fixed Carbon 53.08

Sulfur
Total 0.69
Sulfate 0.01
Pyritic 0.28

Ultimate Analysis (Wt %)

Carbon 71.02
Hydrogen 4.4]

Nitrogen 1.50
Sulfur 0.69
Oxygen 9.22

Flowsheet 1 Flowsheet 2 Flowsheet 3
57 @ 3.91 58 @ 4.30 56 @ 3.91
13,854 14,168 13,728
Flowsheaet 1 Flowsheet 2 Flowsheet 3
6.63 4.84 6.74
35.16 37.53 35.49
58.21 57.63 57.77

0.62 0.62 0.65

0.01 0.01 0.02

017 0.13 0.18

68.18 79.39 76.75

4.9 5.06 4.90

1.95 1.91 1.71

0.62 0.62 0.65

7.45 8.18 9.25

This information may be useful to boiler operators and
provides insight into the change in the coal’s combustion
characteristics with cleaning,

Ash Composition. Coal cleaning can affect ash composition,
potentially changing the behavior of ash in the boiler. As
Table 13 also shows, coal cleaning significantly changed the
weight percent (Wt %) of most of the ash constituents.
Calcium oxide decreased from a raw coal value of 17.16
percent to as low as 6.29 percent in Flowsheet 2; sodium
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oxide was lowered from 0.67 percent in the raw coal to 0.36
percent in Flowsheet 3; phosphorous oxide decreased from
0.39 percent in the raw coal to 0.07 percent in Flowsheet 3;
and titanjum oxide was lowered from 0.73 percent in the
raw coal to 0.54 percent in Flowsheet 2. However, the
concentrations of iron oxide, was increased from 11.68
percent to as high as 12.52 percent in Flowsheet 3.

Overall, Flowsheet 2 caused significant increases in the
concentrations of aluminum oxide (from 16.37 to 21.37
percent), silicon oxide (from 48.90 to 54.43 percent),
magnesium oxide (from 1.37 to 1.65 percent}, and
potassium oxide (from 2.57 to 3.53 percent).

Of particular interest to power generating companies such as
PSO are the concentrations of sodium and potassium in the
ash of coal since, in sufficient quantity, these elements may
contribute to boiler fouling problems. The CQ Inc.
commercial-scale cleaning tests significantly reduced the
concentration of sodium in the ash of all of the cleaned
coals. However, the concentration of potassium was
increased in two of the three flowsheet tests.

Overall, as illustrated by Figures 15 and 16, Flowsheet 3
produced more reductions of ash constituents than the other
flowshcets. All three tests produced significant reductions in
many of the ash constituents, but only Flowsheet 2 (which
used the lowest specific gravity of separation) altered its ash
composition enough to change the ash’s slagging
classification from a lignitic type ash to an Eastern type ash.

Ash Fusibility. Of the reported ash fusibility data, the initial
deformation and fluid temperatures are usually of primary
concern.  The initial deformation temperatures and the fluid
temperatures of the ash of the raw coal were not changed
significantly by the cleaning done in Flowsheets 1 and 3.
There were, however, important increases in all ash fusibility
temperatures achieved by Flowsheet 2.
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Inital deformation temperatures increased from 2064 °F
(reducing atmosphere) and 2147 °F (oxidizing atmosphere)
in the raw coal to 2164 °F (reducing) and 2289 °F
(oxidizing) in the clean coal. Also increased by Flowsheet 2
were the fluid temperatures (both reducing and oxidizing
atmospheres) from 2215 °F and 2357 °F in the raw coal to
2422 °F and 2510 °F in the cleaned coal. The "Low"
fouling index classification assigned to the ash of Flowsheet
2 signifies that this clean coal ash will be less likely than the
raw coal ash to flow in streams or drip from heat-absorption

surfaces or form heavy clinkers on the grates under a fuel
bed.

Haordgrove Grindability. Coal cleaning may, at times,
adversely change the grindability of the coal. The
Hardgrove Grindability Index (HGI) results determined for
the cleaned coals (57, 58, and 56) are lower than those
measured for the raw coal (62). Cleaning, thercfore, makes
the coal somewhat harder to grind. However, the reduction
of pyrites from 0.28 percent in the raw coal to 0.17 percent,
0.13 percent, and 0.18 percent in the cleaned coals should
improve pulverizer performance slightly. Also, the increased
heating value resulting from cleaning will offset to some
degree the increased grinding energy that may be needed by
the pulverizers.

Proximate Analysis. A proximate analysis helps characterize
how a coal reacts when it is heated; that is how much of the
coal goes off as gas and vapors (volatile matter) and the
quantity that remains as fixed carbon. Also, a proximate
analysis usually quantifies the amount of ash and sulfur in
the ash. Cleaning significantly decreased ash content in all
three flowsheets.

Ash decreased from a raw coal value of 13.6 percent to 6.6
percent in Flowsheet 1, to 4.8 percent in Flowsheet 2, and
to 6.7 percent in Flowsheet 3. Total sulfur of 0.69 percent
in the raw coal was decreased to 0.62 percent in Flowsheets
1 and 2, and 0.65 percent in Flowsheet 3. Volatile matter
was increased from 33.8 percent in the raw coal to 35.2
percent in Flowsheet 1, 37.5 percent in Flowsheet 2, and
35.5 percent in Flowsheet 3. Fixed carbon was also
increased in all three flowsheet tests--from 53.1 percent in
the raw coal to 58.1 percent in Flowsheet 1, 57.6 percent in
Flowsheet 2, and 57.8 percent in Flowsheet 3.
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Trace Elements

Ultimate Analysis. Among other things, an ultimate analysis
summarizes the organic constituents of a coal and is a
convenient and uniform method of comparing coals. An
ultimate analysis also is required by boiler operators for
computing boiler air requirements, heat losses, and weight
of the products of combustion. As with the proximate
analysis, cleaning produced some significant changes.

The weight percent of carbon increased for the coals of
Flowsheets 2 and 3--from 71.0 percent in the raw
Croweburg coal to 79.4 percent in the coal of Flowsheer 2
and 76.8 percent in the coal of Fiowsheet 3. However, it
decreased to 68.2 percent in Flowsheet 1. The hydrogen
content was increased from 4.4 percent in the raw coal to
4.9 percent in Flowsheets 1 and 3, and 5.1 percent in
Flowsheet 2. Nitrogen also increased from a raw coal value
of 1.5 percent to 2.0 percent, 1.9 percent, and 1.7 percent
in Flowsheets 1 through 3, respectively. Only oxygen was
significantly decreased by cleaning--from 9.2 percent in the
raw coal to 7.5 percent in Flowsheet 1 and 8.2 percent in
Flowsheet 2. Flowsheet 3 had a slight increase to 9.3
percent. Note that a decrease in oxygen content signifies an
increase in the heating potential of the coal.

No new constraints on trace element emissions were placed
on the power gencration industry under the 1990 Clean Air
Act. However, it is expected that new regulations will be
forthcoming following the Federally mandated three-year
study period. Because of the uncertainty of the full effects
of any new laws, a portion of this coal characterization study
focused on determining whether certain trace elements could
be removed by physical coal cleaning processes.

As with any coal, the Croweburg Seam coal’s inorganic
constituents are primarily made up of clay, rock, and shale.
Some of the inorganics are inherent but the majority of the
inorganic mineral matter is extraneous and can be associated
with the coal seam itself and may end up included with the
coal because of the mining operation. Minerals frequently
found in coal are:

¢  Silicates
*  Oxides
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¢«  Sulfides
*«  Sulfates
*  Carbonates

A number of studies have found that specific elements in a
coal can be associated with the inorganic mineral matter.
Trace elements will have specific mineral associations rather
than occurring sporadically throughout all forms of mineral
matter in coal. For example, arsenic, mercury, and nickel
have been found to have a close relationship with pyrite.

On the other hand, trace elements have been found in
mineral forms such as cinnabar {mercury), galena (lead), or
millente (nickel) where they are a major portion of the
mineral structure. Also, many of the mineral forms in which
trace elements occur are sulfides. However, trace element-
bearing minerals may also be entrapped within the coal itself
and as progressively smaller particle sizes are considered, the
likelithood of the mineral occurring as a separate particle
increascs.

Although it is not fully understood how the different
compounds and their mineral constituents are transformed
during processing and combustion, it has been shown that
certain of these elements (when found in the atmosphere)
can sometimes be attributed to man-made sources such as
coal-fired power gencration. Conventional coal cleaning
techniques that are effective in removing mineral matter
from coal will also be effective in removing certain trace
elements because of those elements’ affinity for specific
mineral matter.

Conventional coal cleaning using gravity separation of coarse
coal fractions can be effective because they are proven
mcthods of removing major mineral matter forms such as
clays, rocks, and shales. Coal cleaning methods that involve
deep cleaning of the fine coal fractions can also increase
mineral matter liberation and therefore can be used to
reduce associated trace clements. But as mineral matter is
liberated, individual particles may react to the cleaning
process differently. For example, sulfides may float in a
flotation cell and carry associated metals with them into the
clean coal.
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The flowsheet tests performed on the raw Croweburg Seam
coal indicate that cleaning can alter its trace element
concentrations. As Table 14 and Figure 17 show, in almost
cvery case trace clements were removed during cleaning,.
However, the concentration of fluorine was increased by 25
percent in Flowsheet 1 and mercury increased by 58 percent
in Flowsheets 2 and 33 percent in Flowsheet 3.

Table 14. Trace Elements (ppm)

Element Raw Coal FS1 FS2 FS3
Fluorine 43.6 58.4 46.2 41.3
Chromium 18.3 7.69 10.2 9.93
Nickel 30.9 27.5 28.4 27.9
Zinc 88.1 19.5 17.3 25.8
Arsenic 413 3.50 3.63 2.50
Selenium 1.68 1.57 1.29 0.84
Silver 0.02 0.01 0.02 0.006
Cadmium 0.29 0.04 0.02 0.08
Barium 57.2 9.61 3.41 13.3
Mercury 0.08 0.06 0.12 0.19
Lead 10.9 8.24 7.1 6.2

A closer look at the specific gravities of scparation of the
three flowsheet runs show that separating at a gravity of 1.4
(Flowsheet 2) resulted in the greatest reductions of zinc,
barium, and cadmium. The reduction of these elements
appear to be ash related as Flowsheet 2 also removed the
most ash. Flowsheet 1, which used a 1.55 specific gravity,
removed the most chromium and nickel and was the only
flowsheet to lower the concentration of mercury. Overall, of
the three flowsheet tests, Flowsheet 3 performed the best in
reducing the most individual trace element concentrations of
the raw coal. Separating at 1.80 specific gravity in
Flowsheet 3 removed fluorine and the greatest amounts of
arsenic, selenium, silver, and lead.

In recent years, considerable research by EPRI and other

organizations has attempted to characterize the mobilizanon
of elements in coal, its combustion gases, and ash residues.
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Coal Blending

Wyodak/Croweburg Coal
Blending

Some physical and chemical characteristics of the ash and
flue gases are directly related to the composition of the
parent coal. Coal combustion can alter the chemical
composition in such a manner that certain chemicals can be
dissolved and mobilized into the ash residues or gases. Of
the elements studied during these tests, arsenic and. sclenium
are associated with power plant ash fractions that are highly
soluble. Volatile elements such as mercury can be found in
the gases. A better understanding of the mobility of trace
elements in coal cleaning residues will help determine
whether or not it is environmentally advantageous to remove
trace elements before combustion.

As this study shows, significant reduction of specific
elements can be achieved by using conventional coal cleaning
techniques. However, as also indicated by this study,
continued research relating to refining existing coal cleaning
techniques to remove specific trace elements is needed.

Overall, Flowsheet 2 produced the best quality clean coal
when considering the major cican coal parameters of heating
value, ash fusion temperatures, ash reduction, and SO,
emissions potential. Based on these criteria, the clean
Croweburg coal (Clean Coal 2) produced by Flowsheet 2
was selected for blending with the raw Wyodak Seam coal
for pilot-scale testing at the Kreisinger Laboratory in
Windsor, Connecticut.

As indicated earlier, one of the objectives of the CQE
project is to gather data and to correlate this data to actual
power plant performance. PSO was interested in
determining how much of an effect its use of blended
Wyodak and Croweburg seam coals had on the boiler
performance at its Northeastern Station’s Units 3 and 4.
Since PSO is mandated to burn a minimum of 10 percent
Oklahoma coal, project engineers determined that a 90
percent Wyodak and 10 percent Croweburg coal blend was
the best blend ratio for initial pilot-scale combustion testing,

Prior to the actual preparation of the coal blend to be used
in the pilot-scale testing, three bench-scale blends (using a
ratio of 90 percent raw Wyodak seam coal and 10 percent
each of the cleaned Croweburg coals) were made and
analyzed at the Homer City Coal Laboratory in Homer
City, Pennsylvania. As previous clean coal data, Table 15,
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Table 15, Blend Comparisons

PROXIMATE ANALYSIS (Wt %)
Total Moisture
Ash
Volatile Matter
Fixed Carbon

Heating Value (Btu/ib)
Sulfur
Total (Wt %}
Pyritic (Wt %)
Pyritic/Total (%)
SO, (Ib/MBtu)

Ash {Ib/MBtu})

Hardgrove Grindability (HGI)
Chlorine (Wt %)

LiO, (Wt % in Ash)

ULTIMATE ANALYSIS (Wt %)
Carbon
Hydrogen
Nitrogen
Sulfur
Ash
Oxygen

ASH FUSIBILITY (°F)

(Reducing/Oxidizing)
Initial Deformation
Softening
Hemispherical
Fluid

Blend 1

27.37

7.02
44,39
48.59

12,197

0.61
0.08

13
1.00

5.76

56
0.03
0.02

68.64
5.06
1.14
0.61
7.02

17.53

2100/2113
2128/2207
2134/221
2159/2230

Blend 2

27.42

6.67
43.09
50.24

12,239

0.61
0.11

18
1.00

5.45

55
0.03
0.02

68.94
5.10
1.09
0.61
6.67

17.59

2039/2137
2121/2208
213172212
2137/2240

Blend 3

27.31

7.03
45.35
47.62

12,203

0.61
0.10

16
1.00

5.76

56
0.03
0.02

68.76
5.10
0.98
0.61
7.03

17.52

2096/2121
211972200
212472205
2135/2207
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Table 15. Blend Comparisons (Continued)

Blend 1 Blend 2 Blend 3
ASH COMPOSITION (Wt %)

SiQ, 32.06 32.14 30.93
Al,O, 17.08 17.01 16.20
Fe, O, 7.14 6.99 7.27
CaO 20.97 18.80 19.42
MgO 4.08 3.84 3.89
Na,O ' 0.63 0.60 0.65
K,O 0.79 0.76 0.71
TiO, 1.06 1.24 1.22
MnO, 0.04 0.04 0.06
PO, 1.01 1.05 1.01
SO, 16.80 17.30 16.88
ASH TYPE Lignitic Lignitic Lignitic

Slagging Index 2122 2074 2118
Classification (High) {Severe) (High}
Fouling Index 0.63 0.60 0.65
Classificotion (Low-to- (Low-to- (Low-to-
Medium) Medium) Medium}

and Figures 18 and 19 clearly show, the coal produced by
Flowsheet 2 was of a significantly higher quality than those
produced by the other two flowsheets, but the laboratory
tests indicated that blending 10 percent of any of the cleaned
coals with 90 percent of the raw Wyodak coal apparently
neutralized the effects of cleaning. While most of the
laboratory analyses done on the three blends produced very
similar results for all three blends one important discovery
was made. Blending such a small amount of cleaned
Croweburg coal with the raw Wyodak coal would probably
have little effect on overall boiler performance. In fact, the
results indicate that burning this blend ratio would be
equivalent to burning the raw Wyodak seam coal alone.
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Figure 18. Raw and Clean Coal Blend Comparisons. Ash
Compostion, Wyodok and Croweburg Seam Coal, 50, Free Basis.
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Figure 19. Row and Clean Coal Blend Comparisons. Ash
Compostion, Wyodak aond Croweburg Seam Coal, SO, Free Basis.
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These laboratory results were confirmed when similar tests
were performed on a composite sample of raw Wyodak and
raw Croweburg seam coal gathered at the Northeastern
Station during field testing and a sample of the clean
Croweburg and raw Wyodak blend shipped to the
Kreisinger Laboratory for pilot-scale combustion testing.

Twenty tons of 90 percent raw Wyodak and 10 percent
Croweburg (on a Bru basis) were prepared at CQ Inc. and
shipped by covered truck to the Kreisinger Laboratory. A
sub-sample of this blend, gathered during processing, was
sent to the Homer City Coal Laboratory for analysis. Table
16 and Figures 20 and 21 represent the results of those
laboratory tests and those previously performed on the raw
Wyodak and cleaned Croweburg coals.

As was the case with the laboratory-produced blends, these
results show a close similarity in coal quality and ash
composition between the raw Wyodak coal and the 90/10
blended using cleaned Croweburg coal. However, a 117°F
increase in heating value was produced by the blended coal
(12,036°F) when compared to the raw Wyodak coal
(11,919°F).

As mentioned earlier, PSO is mandated by law to burn a
minimum of 10 percent Oklahoma coal and does so by
burning a blend of raw Wyodak and raw Croweburg Secam
coals. The percentage of raw Croweburg blended generally
ranges between 10 and 30 percent. In order to evaluate the
effects of burning the blended coals, field tests were also
conducted to provide boiler performance data. As part of
these field tests, composite samples of the coal fired during
testing were gathered (at the Northeastern Station) over a
14 day period and analyzed at the Homer City Coal
Laboratory. Table 17 provides a comparison of the 90/10
composite raw coal actually burned and the 90/10 clean coal
blend produced at CQ Inc.
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Table 16. Comparisons of Raw Wyodak, Clean Croweburg, and 90/10 Blend

Wyodak Croweburg
(Raw) {Clean) 90/10 Blend

PROXIMATE ANALYSIS (Wt %}

Total Moisture 28.94 16.05 28.31

Ash 6.67 4.84 6.88

Volatile Matter 41.69 37.53 42.01

_Fixed Carbon 51.64 57.63 51.11
Heating Value (Biu/Ib) 11,919 14,168 12,036
Suifur

Total (Wt %) 0.56 0.62 0.56

Pyritic (Wt %) on 0.13 0.12

Pyritic/Total (%) 20 21 21

SO, (ib/MBtu) 0.94 0.88 0.93
Ash {lb/MBtu} 5.60 3.42 5.72
Hardgrove Grindability (HGI) 57 58 55
Chlorine (Wi %) nm 0.25 nr
LiO, (Wt % in Ash} 0.01 0.01 0.01
ULTIMATE ANALYSIS (Wt %)

Carbon 67.76 79.39 68.14

Hydrogen 4.90 5.06 4.91

Nitrogen 1.10 1.91 1.04

Sulfur 0.56 0.62 0.56

Ash 6.67 4.84 6.88

Oxygen 19.01 8.18 17.47
ASH FUSIBILITY (°F)
(Reducing/Oxidizing)

Initial Deformation 1955/2209 2164/2289 1980/2230

Softening 2073/2239 2233/2331 2091/2234

Hemispherical 2075/2243 2283/2425 2095/2245

Fluid 2082/2248 2422/2510 2103/2253
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Table 16. Comparisons of Raw Wyodak, Clean Croweburg, and 90/10 Blend (Continued)

Wyodck Croweburg
{Raw) (Clean) 90/10 Blend
ASH COMPOSITION (Wt %)

Si0, 35.90 53.00 34.08
Al,O, 16.38 20.81 13.75
Fe,O, 7.24 11.10 7.29
CaO 18.35 6.13 18.61
‘AgO 3.31 1.61 3.45
Na,O 0.71 0.55 1.05
K,O 0.61 3.44 0.66
TiO, 0.64 0.53 1.03
MnO, 0.07 0.10 0.05
P,O, - 0.87 0.11 1.04
SO, 15.08 2.92 16.70
ASH TYPE Lignitic Eastern Lignitic

Slagging Index 2013 0.1¢9 2033
Classification (Severe) (Low) (Severe)
Fouling Index 0.71 0.17 1.05
Classification {Low-to- (Low) {Low-to-
Medium) Medium}
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Figure 20. Raw, Clean Coal and Blend Comparisons. Ash
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Table 17. Comparisons of Raw Coal Blend and Clean Coal Blend

PROXIMATE ANALYSIS (Wt %)
Total Maoisture
Ash
Volatile Matter
~ Fixed Carbon

Heating Value (Btu/Ib)
Sulfur
Total (Wt %)
Pyritic (Wt %)
Pyritic/Total (%)
SO, (Ib/MBtu)

Ash {Ib/MBtu)

Hardgrove Grindability (HGI)
Chlorine (Wt %)

LiO, (Wt % in Ash)

ULTIMATE ANALYSIS (Wt %)
Carbon
Hydrogen
Nitrogen
Sulfur
Ash
Oxygen

ASH FUSIBILITY {°F)

(Reducing/Oxidizing)
Initial Deformation
Softening

Hemispherical
Fluid

Raw Coal Blend

26.85

6.68
42.60
50.72

12,035

0.62

nr
nr
1.03

3.55

52
0.06
0.01

68.13
4.98
0.63
0.62
6.68

18.96

2133/2119
. 2194/2252
2200/2266
2203/2274

Clean Coal Blend

28.31

6.88
42.01
51.11

12,036

0.56
0.12

21
0.93

5.72
55
nr

0.01

69.14
491
1.04
0.56
6.88

17.47

1980/2230
2091/2243
2095/2245
2103/2253
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Table 17. Comparisons of Raw Coal Blend and Clean Coal Blend (Continued)

Raw Coal Blend Clean Cogl Blend
ASH COMPOSITION (Wt %)

SiO, 31.98 34.08
Al,O, 12,35 13.75
Fe,O, 7.32 7.29

CaO 23.70 18.61
MgO 4.50 - 3.45
Na,O 0.66 1.05
K,O 0.68 0.66
TiO, 0.68 1.03
MnO, 0.06 0.05
PO, 1.18 1.04
SO, 17.10 16.70
ASH TYPE Lignitic Lignitic
Slagging index 2148 2033
Classification {High) (Severe)
Fouling Index 0.66 1.05
Classification (Low-to- {Low-to-
Medium) Medium)

These results show that the only notable difference between
the two blended coals’ qualities and ash compositions are the
higher silica oxide content of the clean coal blend (34.08
percent) compared to the raw coal blend value of 31.98
percent and the lower calcium oxide content of the clean
coal blend (18.61 percent) compared to the raw coal blend
value of 23.70 percent. Also, the clean coal blend has a
"Severe" slagging classification while the raw coal blend is
classified "High".

Because the results of the pilot-scale combustion tests done
at Combustion Engincering’s Kreisinger Laboratory
indicated that the 90 percent raw Wyodak/10 percent
cleaned Croweburg blend exhibited performance
characteristics similar to firing 100 percent raw Wyodak
Scam coal and one of the objects of the project was to
determine if cleaning the Croweburg Seam coal would
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improve boiler performance, the project research team
decided to produce an additional blend using 70 percent raw
Wyodak Seam coal and 30 percent clean Croweburg Seam
coal for pilot-scale combustion testing.

Additional cleaned Croweburg Seam coal produced from the
Flowsheet 2 cleaning test was shipped to the Kreisinger
Laboratory to be blended with the original 90/10 blend to
produce the desired 70/30 blend. Preliminary pilot-scale
tests results indicate that the 70/30 blend should provide
improved boiler performance. These results, and those of
the other pilot-scale combustion tests pertaining to the
Northeastern testing are contained in the report "Developing
the Coal Quality Expert: Pilot Scale Testing of Coals Used
Under CQE?’s Test Program at PSO’s Northeastern Unit
No. 4" by Combustion Engineering.
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CONCLUSIONS

This study has shown that the Croweburg Seam coal
responded well to physical coal cleaning techniques and
significant quality improvements were obtained within the
86 percent energy recoveries prescribed by the project team.
This study also has shown that, should the need arise, the
Wyodak Seam coal could also be cleaned to an improved
quality.

The CQ Inc. tests show that conventional coal cleaning
devices, such as jigs, spirals, and water-only cyclones, can
significantly improve the overall quality of the Croweburg
Seam coal and could also be used to upgrade the Wyodak
Seam coal. These tests also have shown that the more
advanced coal cleaning methods such as heavy-medium
cyclones and froth flotation can be used to remove specific
contaminants and improve the overall quality of the
Croweburg Seamn coal.

Raw Raw
Croweburg Wyodak
Seam Coal Seam Coal
! |
Raw Coal Raw Coal
Characteristics Characteristics
\
Washability Washability
Analyses Analyses
L
1 Y ¥
Flowsheet Flowsheet Flowsheet
Test No. 1 Test No. 2 Test No. 3
Y 1
Clean Clean Clean
Coal No. 1 Ceoal No. 2 Coal No. 3
k \L
 J r
90/10 Blend 70/30 Blend
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Cleaning the Croweburg coal produced yields over 80
percent while significantly improving the coal quality. For
example, ash was reduced from 13.2 percent to as low as 4.8
percent and the heating value was raised from 12,672 Bru/lb
to as high as 14,168 Btu/lb. Although this coal is already a
compliance coal and cleaning does little to improve the
overall SO, emissions potential, removing a large portion of
the non-combustible mineral matter significantly improves
the ash fusion temperatures. Also, since non-combustible
mineral matter adds to the transportation costs, cleaning the
Croweburg Seam coal could reduce these costs by lowering
the mineral matter, thereby reducing the coal tonnages that
are shipped to the power plant. In addition, there is some
indication that crushing before cleaning could liberate
additional ash-forming mineral matter, potentially improving
the performance of the cleaning process.

Another improvement in the quality of Croweburg Seam
coal as a result of cleaning is reduction of the concentrations
of many trace elements of environmental concern. For
example, barium was reduced from a raw coal concentration
of 57 parts-per-million to as low as 3.4 parts-per-million and
zinc was reduced from 88 parts-per-million to as low as 17
parts per million. However, the concentration of mercury
(on a PPM basis) was doubled by cleaning.

Of particular interest to Public Service Company of
Oklahoma was the extent that coal cleaning could possibly
improve boiler performance problems such as slagging and
fouling. This study has shown that while the quality of the
Croweburg Seam coal was significantly improved by
cleaning, blending it with a high percentage of raw Wyodak
Seam coal may negate the gains associated with the cleaning
process. However, there is evidence to show that by
increasing the amount of cleaned Croweburg Seam coal to
30 percent, significant boiler performance improvements are
possible.
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APPENDIX A

Croweburg Seam Raw Coal Size Data
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« g - Pennsylvania Elecinc Company gt
Certificate of Analysis Homar ity Labarstory %\
2seription: Lab ho.: 90070047
CROWEBURG RAw COAL/LIBERATION From: CG INC
RUN #%{0519003 sampled: /7
41003 AS RECEIVED RaAaw COAL Gross Wta: S6e68.5000 Kg
FLOAT/SIRK OF J.600 BY {«150 mm FRACTIO' REPRESEKTING 4«79 %X OF THE TOTAL SAMPLE
GRAVITY —cemmeoecccccmee-—-- BIRELT=m-mmrm=mm—mcamcaas ccccmccceaooe CUMULATIVE FLOATwwsusormmmaen
SINK FLORT WT X ASH SULFUR BETU/LE  S02/MBTY WT % ASH SULFUR BTU/LB SO2/MBTY
1.250 27«97 0.80 b+55 14554 GeTh 27497 be.80 eSS 14554 0.76
«250 1,300 34.352 228 0.60 14429 D.83 62.+29 leb2 0«58 14485 0.80
« 300 1.3%0 Se 46 529 De72 13971 1.03 65 .75 1.81 0.59 14458 D.B1
+»350 1.400 5.06 T«57T 0a.72 12479 i.06 70 .E1 2425 Deh0 14387 .83
+400 14500 4413 17.52 0.85 11607 Tehu 764 .94 3.09 Debl 14234 .86
=600 1.800 i.92 32.9% 1.1e L3zz Zetd Te bt Je 84 Deb3 14112 U89
LBU0 2.002 leth2 44 o HI 1433 6937 Je 85 TT.R9 4o 58 Ce64 14016 0.91
+0C0 2.450 2. 60 63 B(L 1.23 2739 .01 BD .48 630 De&S 13652 £.96
450 19,51 Thes? 1«52 is B 37 itB.uC 18.92 taBl2 10995 14580



£.0.Box 29
Homer Cay. PA 15748
412-479-90113
a
o ) .. . g . Pennsylvama Electric Company -
PEnoMe: Certificate of Analysis Homer Tty Labaratory X t‘
PP T %
esceription: Lao NGs: 500700471
CROWEBURG RAaW COLL/LILERATION Fram: CG INC
RuN #9505193¢ Sampled: / /
41001 4SS RECEIVED RAW COALL Gross Wte: 566E.5000 Kag
FLUATZSIRK OF GelTL BY .07 mm FRACTION FEPEESEFNTING 1a42 % OF THE TOTRL SAWPLY
GRAVITY sec-mmcccrmemcc e o 3]REY === mermscmccccmee | cedccc—mcnana CUMULATIVE FLOAT m==-eecsvona——
SINK FLGAT BT X ASH SULFUR BTU/LB  SO2/MBTU
1.2540 20.0¢ 1.10 0.55 144¢0 D76
«227 14300 44 .92 1.95 0.55 14364 0.77
« 300 1.3%0 5777 2429 056 143687 .78
«350 1,430 5 et 24837 DT 14224 he&l
403 la630 d 2 T0 3 3. 7R CeHEF 14098 DLBE
«600 lecl? S 3 72.151 4,38 0.59 14243 U+ B4
«EO0D 2,204 { &30 7i.31 4495 fa5% 1390E Cenb
« 027 Zedne Zali¥ Gheld 1.07 2659 k.07 TS5 <38 6.6B Gebl 1359¢ O]
«457 PheB2 Hiah3 Le2?l ey 917,52 162 a00 25«60 070 10255 1a47
k3
Y;
) x Page 5 of f
Pannsylvania Blecine Comany 1s 4 Monber ol te Guigral Pubbe Uniites System
ctcoer 272 15z
PO Box 29
Homer City. PA 15748
412-479-9011
. g . Pernsylvamia Elecing Company é.
Certificate of Analysis Homat City | abaratory )
escription:’ Lag No.: 26700471
CROWEBURG RAW COAL/LIEERATION From: CG INC
KUN #¥90051300 Sampled: A
41001 23 RECFIVED RAW COAL Gross Wha: 566B.L000 Kg
FLOAT/SINK OF 0.075% BY G.000 mm FRACTION REPRESENTING 6+40 X OF THE TOTYAL SAMPLL
GRAVITY ~semccemcecccccveas OIRECTmmmsssmmmmmmccrcse | s —vem—reema CUMULATIVE FLOAT ~===mw o= -
SINK FLOAT wT % ASH SULFUR BTUsZLEB SJO2/MBTY Wl X ASH SULFUR BYU /LB SO2/MBTU
1.250 0.0% D.CO H J.00
«250 1,300 0.0 0.00 a {00
«300 1.350 1.2% T«0% D.50 13635 CaT3 1.2% T.09 d+50 13635 Da72
«350 1.400 le19 Beb4 Dedd 12810 CaT4 2eltdy 7.8% .49 13231 DaTH
#4400 146G0 10a. 80 154 bt .41 12174 debT 13424 14440 0a.42 12369 Debl
«600 1.800 Ja 16 2T .6C 0.31 10476 N1.59 22«40 19.82 0.37 11595 Q.61
«BGO 2.000 36e 24 45«07 .32 7421 T.79 SRab 4 35.43 D33 s077 0.72
+000 Z2.4850 164 9K hbel2 0«35 4 li6 & 1.72 78«61 43.20 0433 7803 &5
«450 21439 A8, 5F 0.%6 “37 1% .59 109 .00 52 .86 D.47 E24% 149



BENR ) ) PR | i

rsscriptions
CROWEBURG IAW COAL/LIRERATION
RUN 8906051900
41001 AS RECEIVED RAW

CCaL

COMPOSITE

GRAVITY ~eseesmcse—ece—o—-

SINK  FLCAT T % ASH

le2de b eSh 1.0F
Le2%5 1.500C 42423 L)
1.300 1.3% .11 S.C7
1,350 142, 41k 13.52
1e4G9  las02 4427 Pl.ul
le6UZ  lab{2 I 3la%
1.800 cald? 2 a4l 44 474
2«000 Za450 s ede Téalh
2457 f2035 [
ctober 224 19%75

rscriction:

Certificate of Analysis

NASHAUTLITY ANALYSIC

=“DIRECT=rwreemersremcmme
SULFUR STUFLB
DaE 14479
0e5S6 14285
OeT8 13272
UeTH Tetsnl
0L.¥7 11197
055 SUp o
D.67 715¢
l1e13& 1lzb
128 251
Faaqe 7 of

PO Box 29
Homer Ciy, PA 15748
412-479-9011

Pannayltvara Elctrc Company 5 a Mainber ot the Gaoaral Public Utlines System

Certificate of Analysis

CROWEGURG RAw COAL/LIEERATION

RUN a9rC519¢C10
41501 25 KECETVED RAW COARL

COMPOSTTE

SI1ZL IN pm  —ew=e—-e- —————
SSSED RETAIN T X ASH
15,060 20.67 9.35
19,000 04600 B6.72 9,84
0.600 0.150 4.79 18.92
€150  6.07% 1a42 25.690
0.075 Gedn 92486

-=-=DIRECT
SULFUR

SI1ZE DISTPIrUTION ANALYSIS

A
Pennsylvana Electnc Company .-‘R
Homer Cry Labioratory %%
Lsp Kol 260700471
trom: Ca INC
Sampled: /7
tross Wte: S666.5000 Kg
pY 0,900 mm MATERTAL
------------- CUMULATIVE FLOAT==wmmemcacuas
KT X ASH SULFUR FTU/LE SD02/METU
26458 1.68 Us4R 14479 0,67
FHaBi 2.8k D.53 143610 D.74
7193 3.61 D06 14244 Da758
FRe 1 4011 G.27 14162 Le8C
Lle 27 4.97 J.58 14015 U.R2
FTe bR Setd ba58 11536 Jeb4Y
Tle 75 bl t.59 137192 Celf6
fa b ks Ja64 1239:% 0e%)
170400 13419 0.65 12554 l1.707
PO Box 29
Homer City. PA 15748
412-479-9011
Pennsylvanie Elecinc Company .
Homear Cily Laboratory E
Lo Noe: 900700471
From: ce INC
fampled; /7
fross Wt.: 566845000 Kg
—mm=rrer===CUMULATIVE RETAINED==-mmemeea=
WT X ASH SULFUR BTU/LB S02/METU
20 em? 9435 Ne&4 13362 D.96
87,39 Ga.72 Beb5 13143 098
92.18 10.20 Gebb6 13031 1.01
9% .60 10.44 D.66 12989 1.01
180 .50 13.15 tabS 125%R 1.03



APPENDIX B

Wyodak Seams Raw Coal Size Data



ket ¢ 1w

Penelec 4GPY

Certificate of Analysis

P.O. Box 29
Homer City, PA 15748
412-479-9011

(=

Pennsylvama Elcine Company
Homer City Laboratory

)

.

e TRADTLITY ALY TS
'seripticn: tap kol 110001y
WY IMING=WYIOAK SEAMS BOTinz4ll from: Ca INC
Raw COAL LIBERATION Sanplec: Gelydrsap
41061 AS RECEIVED RAW COAL Gross wiel A275.2600 Ka
S1ZE IN mm  em-——— o CIRLE(CT~~-=--mo-rmsmmrmce ccrmemcemme=n CUMULATIVE RETAINED---=--remmm
BS5ED RETAIN WT ASH SULFUR ETU/LR  SuLr/HETL AT X ASH SULFUR BTU/L3 SO02/MBTU
37.500 2ebH E.T7 fe41 11937 Oent PeE Y 677 Bs41 11937 069
T.500 19.808 13.76 S.79 Oa45 12101 Baiy lbet? L] .o 12075 073
Se00G0 S.500 Pl.8: Sab7 0«54 12074 D.:7 Gbe2 h.50 et 12074 0.79
S3.500 Ceb DM Gh .5 be1lDH D.57 11«77 0.7 RO,Z0 6.03% D« 12025 JebS
Debid A 4,71 T.359 1,10 il7rr Tae:7 4,7 (9 GeHa 32013 L.50
Da15n {073 1.71 Aa0Z la19 1i23n 2w .3 99,14 Bal7 G55 12C07 £.91
D072 Yeir 1747« Det7 1217¢% 177 156400 E.L7 Du5% 11€22 Ue9s
50 Fesulblls reported ono oo S0 =free e st
Resulls reoported on Dry
Basis and normal ized to [4.« 49/
Screen sizes are sgquere hotes Tyler ,élﬂ? g’é X
mesh urless desifonsted otherwise. Fane 1 ©f fpprovedt__ 7 } Uate:“JAf'u + 1991

Penelec 4GPU

scristion: Lao Ao.:
WYOMING=wYOL A [ R tromg
Hiw COAL LIEIR tamplon?
41J%1 45 S€CCIVLD RAr [0AL ross Wt
FLOAT/ASTNA © JLLS Y 1%l 306 vm FRALUTIO . REFR-- 90T T NG H
GRAVITY mmmmmcccccce—-—a-a- LTRECTw-mmmmm e emre v mm ©  memsmse=
INC FLOAT [ 4 4l CLFUR JTusLe LTEaMeTd T ¥
1250 23«40 helD 0e02 12311 LeBS 2340
250 le30L GEe D Y478 Qa44 12152 e T2 €2 .02
300 1350 4a01 1007 Ca62 11533 Tetd 95 404
358 leGbC LY HE TR GeFl 13R1E 1414 96 .30
400 1.60D 2e 1 P C.71 g6l 160 98 .90
600 14300 Je b2 Dk 28 [ 5L Hes T+81 53.52
8900 2e00D Jaltb ahaOF 0.6D LR Te24 9967
aoo Cab50D Teld Tledt Saly M e 2al4h 100 .00
459 Seul GelC « RO B o]

Pennsytvana Ekectrc Company s 8 Member of tha General Public Uthtses System

Certificate of Analysis

PO Box 29
Homer Cny, PA 15748
412-479-9011

-

#

Pannsylvaria Electnc Company
Hamer Cdy Laboratary

$3011G62C14
€6 INC
nES25 /50

. 520542060 Kg

He&7 X OF Tht TITAL SEMPLE

----- CUMULATIVE FLOAT===m=mmmmmmmn
ASH SULFUR  BTU/LE  SO02/MBTU
3470 De43 12311 0.69
4et7 C.44 12193 0.72
4.70 D.45 12164 B.74
4.81 0e45 12150 075
5431 Pes6 12083 D76
S.62 De4E 12043 €77
5471 Le46 12031 0.77
5463 Pebn 12000 £.50



Certificate of Analysis

Penelec 4GPY

rseription: inb No,.:

PO Box 29
Homer City, PA 15748
412-473-9011

Pennsylvania Elactnc Company i
Homer City Laboratory

50110014

ATIMT NGS=w YO58 SLAMS 9L _N24 1Y Mlrom? Ca INC
Raw CORL LIDFRATICN Sampleds 09725750
1001 AS RCCEIVED Raw (0wl Lross wtes £205.200%0 Kg

FLOAT/S NS OF 12.0LC Wy LebLD moe FOACTIO: REPSFSINTING Td«BH % GF THL TOGTAL SAMPLE
GRAVITY memecrmccuccmacanne= VERELTemmsmrcmcmrccvacas  cvcceccvecrmes CUMULATIVE FLOAT mcememvm v mmn
SINK  FLOATY wT X aSH SULFUS YT X ASH SULFUR BTU/LD SQ2/MB3TUY
1230 T.27 42" et 7 1a.22 4220 Dett7 12517 0,75
253 1200 59.54 Ga47 Ja.43 FETRES 4a4 8 Ce43 12195 fa.71
2300 1.25¢C 19,75 4,7 Gedl Chebt 451 (U 1217& Ce71
2334 1.400 da 58 TLeh Cehb Q4,07 4e715 Jati 4 12137 (.72
400 let831 3.56 . HIP-T3 SR Lt el Jeltts 1z205F Celis
LEQD la0 Ca72 levt g SHezl Hebh] R 12917 Cefld
VEJU ZL300 S35 celn 472 Iels G99 .56 a8l Jed47 11953 Ga7%
DO 2.4%70 Na2c uit, 52 5.17 PRt I A 93 ,A¢ 5.97 Dot 11987 D.81
453 Uell Gl we 10.%h 1457 129594 10020 DB Dabn 11989 Det8
Faye T oot -
Pannsytvarva €lectne Corpany 15 2 Member of the General Publc Utiities System
anuary 31. 19351
PO, Box 29
Hormer City, FA 15748
412.479-9011
. . Pennsylvania Eiactri: Company K
m Certificate of Analysis Homer Crty Laboratory \
iserintions Las No.: ce1ionnly
WYOMING~-WYDDAK SCAMS ROTLIA2HIN From: Ca INC
Rhw COAL LIBEIRTION Sampled: oB/25/72n

41001 &S RTCLIVED aw CCAL

fraogss Wta:

5205.2005 Kg

FLOATZSINK OF CublD BY G150 ~m FRACTION REPRESENTING 4.71 X OF THE TOTAL SA&MPLE

GRAVITY = ~emmecmcccmecwoao- DIRELT—mmmmwe e L T TP —————— CUMULATIVE FLOAT ~—==w—wmcwce==
SIMK FLOAT Wl % ASH SULFUR atusle  S2zstuTy VA ¢ ASH SULFUR BTU/LB SGZ/maTu

1.258 0.C0 “B.0G r *2CCLLOC

$250  1.30C 6493 B.el G.61 17%47 .97 6.93 162 Fob1 125647 097
W300 1.35¢ 25.29 .74 Je50 221¢ L.82 3z.21 3.71 .53 12284 0.R6
2350 1.43% 41.52 44428 1,43 12518 372 Bl.13 4.17 2.47 1212% 877
2400 14640 14.90 G, 3f D.HE 11144 .04 ELIR 4499 fe% 11571 CeB1
600 1.8900 .54 31.5F 1.47 Blab et 56458 Sadl 5,90 11910 daBu
BDO0 2.00¢C el2 4% .54 .14 ENTA 10,33 gy.2¢ 5.70 f.52 11864 2.RE
D00 zassl TaGl 7.7+ bedf Sk Ll HE Thaedt Gel22 Lebll 11786 1402
450 1,75 e ,17 15.%25% £ohi 15,20 176 406 Ta24 L.82 11627 1.59



ftdeal g i 1

Certificate of Analysis

Penelec 4GPU|

scription:
Y OMINS=-WYOLDAL

Lab Noa«g

STAMS k9L .B24q 5 lrom:

Rtb S3aL LICCRATION Campled:
4w3IC{C1 A8 RECLEIVED Kbe CORL Gross Wt.!
FLOAT/SINS OF velbi EY Del0 7% nm FRACTID . AFP-FLiBTING
GRAVITY —emmemcmecc—eoooo I e et
TNK  FLUAT AT % A3H SLLFUR LTUALL SO /METU Wl %
1.237C Led2 Ue 3 N 20
250 14300 4. 71 o€ DeSY  JET7H2 e 4 .71
100 le% 19,532 LTk 04H% 11870 e T Ty LEn
33572 lea20 L4402 4 a4 Cat4g 11765 cell TH W BE
400 1.40C 1D .y Uey el cedd Yy o, Z(
SN JIERTRI B 1.0% 1le5" 115 T2 2570 7% .0%
BO03 Z.L0C Je Dk L7 eS Ze2l HTR5 Tehil I
202 Zednd Ve To PSCIPREH el T Thoh Tu.1l3 ST abh
450 2«55 Ty .67 15447 1057 177 . B8 100 .00
\
\‘.
Page 5% of k

Pennsytvarua Electric Company s a Mermber of the Ganersl Pubic Utiiies Systerm

ynuary 31

1971

Certificate of Analysis

Penelec 4GPUI

:scrintion:
WYOMING=WYJDAK SCAMS
FAdas COAL LIBERATION
51301 AS RIZCEIVED RAW COAL

Lao NOoa:
froms:
fampled!

FO00%Za 0D

Graoss Whel

P.O. Bax 29
Homer Cny, PA 15748
412-479-9011

A
Pennsylvania Elactric Company AF;J
Homar City Laboratory

Sr1300014

£q INC

03725790
9205.20L0 Kg

1.31 % OF THL TOTAL SAMPLF

====CUXRULATIVE FLOAT ==wmmcnncnmn=
ASH SULFUR BTU/LE S02/MBTU
3.69 [ebh® 12742 ta?2
370 ek 12040 0a32
44253 T o4 f 11863 T.81
.1 SetdH 11749 Gelit
H+%6 JaS1 libéa G.be
hebl Jedl llev Jehb
Le27 Je DA 115¢&7 U35
HeD1 0.96 11237 1.7¢
PO Box 29

Homer City PA 15748
412-479-3011

Pennayivania Electrnic Company
Homar City Laboratory

GL1100414

te INC

a9s25/90
52{5.2000 Kg

FLOAT/SINK OF  LaGC7° oY  0.000 mn FRACTION REPFLSENTING 4 +66 X OF THE TOTAL SAMPLE
BRAVITY =mmmmmmmmcmemeaoo CIRECT---weoosmmmommmmns oomemcans CUMULATIVE FLOAT ====c-cevames
SINK FLDAT VT % ASH SULFUR  2TU/LR  S02/M8TY wr % ASH SULFUR  BTU/LBE SD2Z/MBTY
1.250 Ge0D 0.C0 0 beGC
.250  1.300 7.00 Bl A 0000.BD
«300  1.350 2,44 7.8 Bae2 1198L 1.03 Za44 7. 82 feb2 11980 1.03
V350 14400 7.58 Be58 056 11054 Ue9p 10.92 2.40 G.57 11796 0,98
400 14600 bE . 36 10.6% 0.47 10585 LeB T644D 10.39 f.48 11084 G.87
1660 1.B800 16,61 25,92 0.53 8433 1.24 92 443 13.08 0.649 10635 0.52
800 2.000 1.0% 45,47 0.75  u38% Z.35 53446 13.95 P.5C 10499 0.95
$0G0 24450 241w 70.2% 1a55 2E74 1873 97 .64 15.21 Be52 10329 1.01
“4S0 2436 844010 1.58 o146 THe32 1£0.00 16,04 G.55 10107 1.08



ERE VRV I B ] 1 1
P.C. Box 28
Homer City, PA 15748
412-479-9011

mm Certificate of Analysis panavivans Ehetne Comonny \f\

»scrintion: LeD NOwd TT1100C14
wWYJMING=-wYUDRS SEAMSE BS0LL2400 From: C THNC
Raw COLL LTGBERATION Samplec?: ces2s5/78
41001 ws RECLIVED R2E CDEL Gross atel B5206.20M0 Kg

COMPOSTTD WaSHAZILITY AMALYYIS 07 {LUS Ly o700 mm YATERIAL

GRAVITY
SINK FLOAT

CUMULATIVE FLGAT==ww- rm—————
SULFUR GTU/LB  S02/METU

l.29¢ pE] Detih 1245¢C LaT3
14250 14236 LX) Dt d 12157 GCaT2
1.300 1.2% s Tebiy 12175 .72
1251 1e8l? 40 Ne&5 12133 a3
1.400 1.810 LY Celb 12415 S.77
le#0L 1aelX ] Daes? 11552 DaTH
130G Zevd? 1C Ja87 11920 s B0
2«0L0 i3 4 Gedd 114n%4 L]
Selino [ UebHd 1184 4 o BY

Fage 1 of &
Pennsytvana Electe: Company 15 a Mamber of Lhe Genaral Pubtic Utibties System
wnmuary Ils 1591
P.Q Box 29

Homer City, PA 15748
412-479-9011

&
Penelec 4GPUJ Certificate of Analysis i

scrigtion: Lao Noe! 5011019014
WYORING-WYOLAK Sr2ME 290l D4.5) From: o INC
RAn COAL _IBEXATICN fampleo: Tar2s/ug
41501 AS RICIIVED RA&W CoaL fross ate! BPLUDL.E0LY Ko

COMPOSTITE SI7L DISTHI,UTTON ANALYSIS

SIZE IW AN  emeccemesece-m-aoo. DIRECT momsmccmmacamaome cmmmcommmaan CUMYLATIVE RETAINED-~w—=v-n -——-
SSES  RETe&IN YT R ASH SULFUR Wl % ASH SULFUR  BTU/LE SO02/MBTU

19,000 16447 h.G3 Dottt 16447 5.973 £.46 12000 CoHD
9.000 .59  72.85 6408 De50 83,3z Balh £.50 11998 £a83
Deb0T  0.150 4.71 7.24 0.7 94 .03 Fa11 D52 11942 UeB7
0157  0.075 1.33 fat1 0.6k “G w4 Y Ue52 11933 LeBA

G.07> 4466 1A, k4 Cebn 100460 Behl C.53 11848 0.89%



APPENDIX C

Croweburg Seam Raw Coal Liberation
Data



pluber dar L 2YU

PQ. Box 29
Horer City, PA 15748

Penelae16GPY Certificate of Analysis ot Lavrmiony

WASHALTLITY LWaLYSNIS

2scription: Labh NOoe? SLLT006eT?

CROWEBURG RAW COAL/LIBERATION From: Ce INC

RUN ®900519040 Campled: /7

41061 CRUSHED Y0 /4" X ¢ Gross Wte: 713.600" Kg
S1Zt IN mm = =memeeme-o-sc-—--- DIRECT ~==rm = LR e LI R R P P CUMULATIVE RETAINED--
ASSED  RETAIN 4T % ASH SULFUR ETU/LE SUZ/METU Wl % ASH SULFUR BTU/LB

19.000 le780 10.62 De7C 13213 1.06 1.70 10+62 0.70 13213

L9.009 9,500 2T7+R4% BaC3 Debl 1332 D90 29+54 8.18 D.62 13603
9,500 C.600 5%.210 B.97 Ga.568 13382 122 BTy A.69 D66 13467
D«60) da.1%0 5e01 17.99 0.75 11373 1,53 90.25 326 Deb& 13339
D150 0075 24158 2R.82 0.78 3593 1407 92«40 G.T2 D67 13259
0075 Tab0 34425 Debl 6021 2400 1tc.00 13.10 06 12709

Results reported on Dry
dasis and normal izeu 1o 100%

412-479-301%

Screen sizes are sovare holes Tyler /Qlfyfkégézlﬂaqx—r
mesh uniess desiynateo ctherwise. Pase 1 of 7 ‘fopravedt = 7 Date:%Ep_z_g_lgSD

Pannsyhvana Elecine Company is a Member of the Ganeral Public Utlives Systern

ctober 224 1uvl

PO Box 29
Homer City, PA 15748
412-479-9011

- : . . nsylvania Elecine Com
Penelec GPYU| Certificate of Analysis romar Cay Labarmiory

escription: Lab Nos: 300700472
CROWEBURG AW COAL/LIBERATION From: ce INC
RUN k9C05190D Sempled: A
41001 CRUSHED TO 3/4™ X o Gross wte.: T13.6000 Kg

FLOAT/SINK OF FLUS By De600 mm FRACTION REPRLSENTING 84474 % OF THE TOTAL SAMPLE

L

A

GRAVITY ==c-e--ce-meeo—aa- DIRECT==-=me-mm- m———aem- mecomecceeacaCUMULATIVE FLOAT c=-mmwcmean—we
SINK  FLOAT WT % ASH SULFUR  ETU/LB SO2/MBTY uf % ASH SULFUR  BTU/LH S02/MBTU

1.250 31,48 1.80 0,48 19657 0.65 3148 1.80 0.48 14657 0ab5
«250 1.300 48,75 415 0.56 14240 (.79 ap.z22 3.23 0.53 14403 0.73
<300 1,350 5.62 9,62 G.79 13385 1.18 85 .85 3.65 0.54 14337 0.76
2350 1,400 3,28 13,90 0.78 12537 1.24 85.13 4.03 855 14270 p.78
400 1.600D helz 23.89 0.82 1098¢ 1.50 93,25 4489 0457 14123 0.80
<600 1,800 0. %% 34,68 1.11 8384 Zebh 94.21 5419 0.57 14067 £.81
-800 2,000 T.58 42470 2.96  6usl S.18 94 80 5442 0.59 14020 0.84
2000 2.450 1.60 73.83 1.28 2145 11.94 96 .40 6456 §.60 13822 D.86
“450 360 79.00 1.34 282 S4.70 100 .68 9.17 Deb2 1333% 094



PR TVELY - S AR

P.O.Box 28
Homer City. PA 15748
412-479-90 11
A
. - . i Pannsylvamia Elecine Company -.“.‘
Peneigs Certificate of Analysis Homet Gy Laboratory A
ERN
sscription: Lab Noa: 200700472
CROWEBURG RAW COAL/LIBERATION From: cg3 INC
RUN #9G0%190U Zampled: / /
41981 CRUSHED TO 374" X ¢ tross Wta: 713.6000 Kg
FLOAT/SINK OF NabGLT BY Gel1%0 mm FRACIION REPRESENTING 551 ¥ OF THE TOTAL SAMFLE
GRAVITY meeceeome—cooaeaes DIRECT=w-m==m=-semmmmmom oo omme e CUMULATIVE FLOAT m——-=-=em-me-
SINK  FLOAT Wl X ASH SULF UR AYUFLE £02/MBTU KT % ASH SULFUR BTU/LB SD2/MBTU
1.250 40+ 3E 1e12 0.5% 14552 N, 76 40 .36 1.12 1455 14552 0475
+250 1.300 19.62 2e63 0e.62 14401 U.B6 59 .98 l1.62 Leb7 14502 D.7%
«3006 1.350 Bae 96 4 o35 Dabb 140364 a4 6B« 94 205 0.54 14447 r.01
«350 1.400 4. 25 Gal4s 0.75 13353 ll.l2 T3.20 2«48 L-59 14378 1,BZ
+400 leeQuU 4.37 12.8¢ 0.90 11663 Teb4 7.5 Jelk JDebl la22% U«BE
600 1.800 le 46 35 .8% 1.086 8944 e dB T .03 4.06 Deb62 14128 0.87
«800 2.000 1.06 4% b b 1.2 6EBT Teb2 [ ] 4ebl Deb3 14029 DeFC
2000 24450 Za4] [ l1eld 2135 Fe34 £2 .50 bel6 Dubb 13699 f.62
+450 17-.50 724> .93 b TiIveED INL.GE 17.532 {.7] 11307 1425
Page * ot 7
Fannsyfverua Elsctne Compariy 15 8 Mamber al ine Ganeral Pubhc Ubhes Sysram
etober Lo 1%70
P.O Box 29
Homer City, PA 15748
412-478-9011
A
. " . g . Pannsylvama Ekctnic Company .-“
PenelacdGPY Certificate of Analysis o 1y Labormory %\
escristion: Lab Noa: G00700472
(ROWEHURG RAW COBAL/LISERATION From: CQ INC
RUN #905051900 Sampled; ;o
41001 CRUSHED TO 3/4" X o Gross Wt.: Ti13.6000 Kg
FLOAT/SINK OF t«150 DY 0.07% mm FRACTIO' REPRLSEMTING 2«15 % OF THE TOTAL SAMPLE
GRAVITY == -cmsecmrc—ncc—aa OJRECT ===~ w-r == *Tro——te ereasscemmesc=- CUMULATIVE FILOAT ~=======m=r—-
SINK  FLOAT wT X ASH SULFUR BTU/LE S02/METU WT % ASH SULFUR BTU/LE SO02/MBTU
1.250 23.27 (+E4 ta52 J4566 CaTl 2327 0.84 0«52 14566 DeTl
«290 k.300D 25« 86 Ted? 0.51 14321 LeT2 49,13 1.70 652 14437 D71
« 300 1,359 ?.SU 4ald 059 14093 L8B3 5665 202 0452 14392 D73
«350 1+400 4480 7449 Deb?2 13%410 {e91 61 .43 245 053 14325 0.74
<400 la60G G148 13,7% 0«67 12762 l1.0¢ £5 .61 1al17 0«54 14222 L Y
«6100 1.800 2ol 25489 5.75 1L w22 142 CB L2 3.98 0.55 14095 0.T8
«809 2«00 1e52 46433 1.02 6811 200 63.54 4.90 0.56 13939 DLBO
«000 2.450 1.94 ke 06 108 3177 f.70 71 .52 Bebl C57 13637 0D.B84
«459 2h.,4an BE W TH 1.06 [ 34 Llaa.24 1fR.CC 28.29 0471 41712 146



L R Y PO Box 29
Homer City, PA 18748
432-479-9017

e

L
. e A L - .. Puninsylvaina [lecine Company L
Penolaciony Certificate of Analysis Hormat Gy Lanoratoty Ly
aserintion: Lab MNoed 300700672
CROWEZURG RAw CORAL/LIAERATION From: Ca INC
RUN 450051900 Campled: / 14
41001 CRUSHED 71O 3/f4" X Gross Wte?d 713.6000 Kg
FLOAT/SINK OF  §.07% BY  G.000 mm FRACTION KEPRESENTING  7.60 X OF THE TOTAL SAMPLL
BRAVITY ~emeeve--- e CIRECT===mcemmommcmmrcne coeweeama—eew CUMULATIVE FLOAT==mecmmmmen --
SINK FLGOAT Wl % ECH SULFUR HTU/LE Sp2/MBTY YT % ASH SULFUR BTU/LE SD2/MBTU
1.250 Jelu Ne.00 g T« 00
»250  1.390 VRS 000 a (a.00
#3090 1330 1.96 GCelh UeB2 12705 e 76 1 «9¢ GeD5 Lab2 137C9 .76
#3350 1,400 GGl G.00 o La0r
400 1000 Je 9% 1he 7T Cea ¥ 12044 e TH 294 12.73 Het8 12726 0.77
+B00  L.BCD . 13,139 PBe1 7 .35 10%sk L I 15430 2h.41 D.42 11024 a7t
00 2.000 Y5402 2GS .17 22 JI71 R 52 .3k 33eeS Salb 9294 [
2000 Ze4cC Zhe TR 8,47 Ja3° 1814 Za011 f1.0% by 72 Pa3? 7548 €L.9%
C450 14.95 HTebL® 1.E1 D1z GEdebd 106 « 40 HDzeFb Debl E247 1.%4
Page 5 ot 7
Pennsyhvansa Elecine Company 15 & Member of the General Publc Uhiliees System
ctober 22y 1952
P.0. Box 29

Homer City, PA 15748
412-479-901

5

&
Penelec 4GPY| Certificate of Analysis et Gy abary *‘\

escription: Lab Noa.: 300706472
CROWEBURG RAW CCAL/LIBERATIOR From: @ INC
RUN #20051%570 Samploa: VAR
41001 CRUSHEL TO 3/7&™ X © Gross Wt..o T1t.6000 Ky

COMPOS1ITE WASHALILITY AMALYSIS OF PLUS EY 0-G00 mm MATERIAL

GRAYEITY =  re-ermecccac--cca-- DIRECT=—===~wrmem——cmemr  reemrecemae——- CUMULATIVE FLOAT=-===mr====- -
SINK FLOAT Wl % ASH SULFUR BIU/LEB SO2/MBTU WT X ASH SULFUR BTU/LE SO2/7MBTY
1.25C 2240 l.74 Ue8E 14647 Dett 2% 40 174 D+48 14647 D66

142506 14300 42 .94 G4 0% 0.56 14245 Da79 72434 313 0.53 14408 0.73
1.300 1.350 3.57 .97 0.76 13472 lels 77.51 3.55 .55 14341 C.76
14350 14400 dal2 13,435 0.77 12632 1.22 B1.03 3«93 0+55 14276 078
1.4900 J1.€00 4412 22455 0«80 11155 1a4 £5.15 4483 0.57 14124 R0
Le&dG 14800 1.96 31613 Ne72 9437 1.54 Er.12 5.42 0.57 14019 T.81
1.800 2.00¢ 333 39 .99 Te74 Eh4l 1eB8% Tlelty beb® 0.58 1379% Ca.B4
24000 24450 Ja49 TN.28 Ga75 3171 490 Cle53 Fel6 0«58 13404 0.87
2.457 6407 80,39 1.33 274 96449 1{0.C0C 13239 0.63 12608 1.00



L R T

- W5 ety
PendigedGrY

»scription:
CROWCBUIREG RAW
RUN #500514900

41001 CRUSHELD TO 274" X r

Certificate of Analysis

COALALIZLRATION

COMPOSITE STZ2E DISTHIGUTIOYN

SIZE IN mm @ seressce——moooo-
ASSED RETAIN KT % ASH
D.600 Ba.T74 9,17
0.600 D.150 S« 17.92
G.150 . D75 2.15 2E.2S
G075 T«60 Deebb

ctober 224

escripticon:
CROWEBURE RAW COAL/LIBERATION
RUN ®#2({D51909

41002 CRUSHEDL 70
TOTAL SAMPLE

Ty XL

PARAMITER

% Ash
1 Total Moisture

-=0DIRECT
SULFUR

Page

7 of 7

Penasyivan Elcine Company is a &ember of the General Pubic Utiles System

P.O. Box 29
Homer City, PA 15748
412-479-9011

A
Pennsylvania Eleciie Company i}\
Hamer City Laboratory % ‘
lLab Noa.: 90070977
From; 0 INC
sompled: /o7
Cross Wtel 7T123.6000 Kg
ANALYSIS
------------ CUMULATIVE RETAINED=~===mom———
BT X ASH SULFUR BTU/LE S02/MBTU
B4 .74 9.17 Jeb2 13335 (UL}
G 4 UE 9.70 De6d 13211 0495
G2 a4 14 0.63 13131 0D.96
[ «39 Uebd 12608 1,370
PO 8Box 29
Homer City. PA 15748
412-479-9011%

Certificate of Analysis

A€ RECLIVED

Lab NG.!
From:
campled:
tross wte:

MUTSTURE FREE

L

&
3\

Pennsylvania Electnc Company
Hemar City Laboratory
In0T0047TE
ca INC
!/ f
T13.600¢ Ko



B AV A Y T

Certificate of Analysis

PO Bex 29
Homer City. P4, 15748
412-479-9011

Pennsytvamia Electnc Company
Homer Ciy Laboratory

e {n
=gt

WEeSHABILITY fRhALYSIS
rsscription: Lab No.: Se0700473
CROWERBURG RAw COAL/LIRERATION From: Ce INC
RUN #90851900 Sampled: A
41001 CRuUSHED TO 378" X 0 Gross Wheo: 132.8000 Kg
SIZE IN mm e mm - DIRF YT=~remewr——m—mrecsmn rece—resccc== CUMULATIVE RETAINED=-===c=wr—n=-
38SED  RETAIN wT % ASh SULFUR BTU/ZLB  SO2/MBTU T % RSt SULFUR BIU/B SO2/MBTUY
F.500 1.98 1069 Deb63 1319¢ 020 1.58 1069 0«63 131%6 095
9.500 0.600 81.98 Fle96 .67 13410 1471 A3.96 9.00 Deb7 13405 1«20
Oecl00 Jelbh? Debt 15.32 0«71 117861 1.21 EC.60 S.40 0.68 133C1 l.32
D.150 0.07% 7439 28 .EC Ce76 10194 1.49 21.58 9.83 D.68 13221 l.03
0.07% Ba.02 54,92 DeBY 6112 150 IlNe00 13.44 a7 12651 1.06
Results reported on Dry
Hasis amg normat izeo to 1701} £
screen sizes are square holey Tyler fbgﬂﬂz?éééj SE}:Z.u]ggg
mesh unless cesianagted otherwise. Pace 1 of 7 #Approved: - L¢¢;“J:? Cate)_ ~

Penngyivama Ereciiee Compamy s a Wenie of i Grpral Palthe. Unbtus Syaters

ttober 204 17350

Certificate of Analysis

sscriotion:
CROWEBURG RAW COALALISERATION
RUN a5005%19CD

Lob Nosel
From:
tampled:

41001 CRUSHED TO 378" X 0 Gross Wtel
FLOAT/SINK GF PLUS gy Oe600 mm FRACTICH REFRESENTING
GRAVITY == mmemmmmemscomeee PIRECT == mmmmee e m==ms  meemmmcoe—
SINK  FLOAT KT X ASH SULFUR BTU/ZLE SC2/METU T X
1.250 51.10 1.B4 D86 34T34 Cab3 31 .10
«250 1.300 44.64 360 055 14471 0.77 7573
«300 1.350 10.10 B.96 0.73 1351¢ le0E EH L3
#3590 1.400 3.20 1% .22 G.86 126C% 1438 59.03
400 laus0C0 4424 23.94 0.85 10G9%0 le54 93.27
»600 1800 1.07 315.35 .27 8296 Je05 Y4 &34
«B00 2.009 Sebd 4045 1.61 6383 GaT4 94,97
<000 2.45C 1.58 71«07 1.59 2326 12.63 HE6 .55
«450 3445 T7T.€62 l.86 361 103.03 160400

PO Box 29
Homer City, PA 15748
412-479-8011

Pennsylvania Electnc Company
Homer City Labaratory

&
3

900700473
Cg INC
/
132.8000 Kg

83.96 % OF THE TOTAL SAMPLE

mee=CUMUL ATINVE FLOAT mre=m—wnw==——=
ASH SULFUR  BTH/LB SCG2/MBTU
1.84 B.66 16734 0463
2.88 0.52 14579 0.71
3.59 0.5¢ 1644%4 0.75
3.57 D.55 143E8 0477
4.RA D57 14234 080
5.23 Dab7 14166 0.81
Sedb TeSB 14114 0.82
653 De60 13922 L+B6
8.59 0.64 13454 Le95



whuLr FAra | FRV ) PDBung
Homer City. PA 15748
412-479-3011

ama acifIC oM el
penelée;iGPY| Certificate of Analysis et oy vanormtary L,

ascripticon: Lob Neo: 90070C 473
CROWEBURG RAW COALL/LIBERATICHK From: CG INC
RUN #90QpS19090 samplea: /7
41031 CRUSHED T4 I/8B* X U Lross Wt.: 152.8000 Kg

FLOAT/SINK OF 0«600 bY 0+190 mm FRA4CTIONY REPRESENTING S5«64 % OF THE TOTAL SAMPLE

GRAVITY =meveecccecas=-==== [MRECT==~==meveorrresreer coceeccmo——=- CUMULATIVE FLOAT-=—=~-r-=m=—m
SINK  FLOAT Wil % ASH SULFUR ARTU/LE  S02/¥8TU [ ASH SULFUR BTU/LB S02/MBETU
1.250 47«76 la02 0«55 1465¢ LeTh 47 76 1.03 D«5%% 145658 0s74

«250 1,300 16eh2 29 0.63 1aI21 Tl 88 64 .2¥ 1.%3 £.57 14872 0.78
(300 1.350 He 54 5«35 0.65 13954 Ta93 72 .81 1,98 D.58 14500 UeBD
v350  1.400 JabZ 10418 0.77 13112 1.18 7543 2.27 De59% 14634 0481
400 1.600 L B7 22.70 0.9 11E27 1.70 El.2% Ja.0h Detl 14294 0«85
600 l.80C 1.30 35eut l.1R B26 Tebb £1 .60 3. 76 Tafbl 14209 N.BY
806 2.000 .85 40 e T8 1439 5911 4.902 B2 .45 4417 0.62 14133 0.H8
000 2.4%0 2¢15 6le.60C 1.22 PEOG FaeDh &4 o6 [ H5eb3 DeE4 138446 D52
450 1540 eT.10 1.23 T¢ del.27 inpL.uc 15.09 0«73 11726 1424

Page 3 of 7

Pennpyivama Elctric Sompany s 8 Mumbar of the Ganeral Pubic Utines System

ztober 22, 1990

PQ Box 28
Hamer City, PA 15748
412-479-2011
e
[ and - Pennsylvara Electnic Company H\
Certificate of Analysis Homer Cay Laboratory Ly
rscriotion: Lab Noa: 9LEITO04TE
CRIWFHUAG RAW COAL/LIBERATION From? CaQ INC
RUN #500519G0 Sampled: A
41001 CRUSHFL T0 3/3" x © {ross wWte: 132.8000 Kg

FLOAT/SINK GF C.150L BY De75 mm FRACTIO® RERPRESENTING 2439 % OF THE TOTAL SAMPLE

GRAVITY ==—mmmmmmemcceecmas QIRECT==mmemmmmm oo oo S CUMULATIVE FLOAT=-mommmromman
SINK  FLOAT uT % 4sH SULFUR  ETU/LB  $02/MBTU V3 ASH SULFUR  BTU/LB SO2/MBTU

1.250 21415 0.93 0.49 14726 B 21.15 9.93 0.49 14726 Lot
1250 143580 27+ 06 2.01 0.51 14464 Te71 4H a2l 1.5¢4 D.50 14579 0.69
»300 1,359 o, 74 3415 $.51 14202 Da72 57.94 1.80 0.51 14515 0.70
350 1.400 7.45 Ta16 0,59 13586 L.87 £5.39 2.41 B.52 16410 0,72
400 1.€00 3.97 15.68 0.73 12308 1.19 69 .36 3417 0.53 14289 0.74
+600 1,800 2437 30.46 C.e3 9830 1.8 71473 4407 DeS4 14144 6.77
WB0D 2.000 1.23 45, H3 1.22 7031 4R T2 .75 4abb 0.55 14044 6.78
080 2.450 1.5t 66437 1.16 3024 764 T4 .67 624 0.57 13762 G.02

»450 ?5.33 &l ebT 1a24 23 11iF474 IG0D.00 2536 0.76 10281 l.48



PO Box 29
Homer City. PA 15748
412-479-9011

A

-
. g . Pennsylvamia Elactne Compan i
WT:I S”\ Cé’f“_ﬁ(‘ﬂff’ Of Analy.ﬂs Hnn\er Tny Laboratory nan \
gl
gcrintionl Lab No«: 500700473
CROWESIURGE RAW COAL/LIBERATION From: ca INC
AUN w9L05330C Sampled: f f
¢1001 CRUSHED TO 574" X © Gross Wt.: 132.8000 kg

FLOAT/SINK OF .075% BY 5.000 mm FRACTIOM REPHKESENTING f.02 %X OF THE TOTAL SAMPLE

GRAVITY = —mmmeemcaoo—o—o—m- PIRECTommmmmwesm—mmmmeme  mmeeme-—o——o- CUMULATIVE FLOAT —--mme=en—mm-
INK  FLOAT Wl % ASH SULFUR  BTU/LE SO2/MBTUY 'S ASH SULFUR  BTU/LB SD2/HETU
1.2aC T.00 B.00 y 0.00
250 1.34¢ babu 0.00 C Y.
300 1.3990 5.8H fiabo® D.46 13354 Papo 5.55 8,c9 0.46 13354 0.59
350 1.430 1.22 10.46 0.57 17955 U BE 680 5.01 0,46 13285 D72
400 1.A50 g, a0 164 84 Dol 12100 b7 16411 13.54 D.44 12600 0uby
600 14830 12,31 244 8L Ue31 13872 Le57 S 18,64 G.3% 11852 C.54
800D 2.0670 23.54 46 4 4E 5.35 7225 0.97 51 .9¢ 31,13 0.37 9756 0.75
00C 24450 35476 68 e9s D.38 STB4 2.0 75 .22 62,42 0.37 7999 G.94
450 24476 56473 1.12 754 I%.26 10000 93.70 D.56 6138 1,42

Puge % of 7

Panngyhana Elecinc Company 15 a Marmber of the Ganeral Public Unhies System

tober 22,y 1954

PO.Box 29
Homer City. PA 15748
412-479-901

&
. . . Pennsyivania Ekctrc Company bl
Cer[{ﬁ'('ale Of A flalySlS Homar City Laboratofry %\“
scriotion: Lab Noe: SuGT00D473
CROWECURE RAW COAL/LIZERATION Frons: Ca JNC
RUN #9€551900 campled: L
41001 CRUSHED TO 578%™ X 0 tross Wte: 132.8000 Kg

COMPOSTTE WASHABILITY ANALYSIS OF PLUS By 04000 mm MATERTAL

GRAVITY “-=emsmeccereeo——-- DIRECT--rmecmrrer—ceccn s wremmren =====CUMULATIVE FLOAT-~=~eo—r—wue -
SINKR  FLOAT 4T X ASH SJLFUR BTW /LB <SO02Z/MBTU MT X ASH SULFUR BTU/LE S02/MBTUY
1.250 29 .31 1.75 Ded7 14727 Debé 25431 1.75 Be#7 14727 D64

1250 1.360 39.05 3.%6 (.56 14468 077 6Ba 36 2478 0.52 14579 0.7%
1.300 1.3%0 TabH Bebd .71 13590 l.04 TEL LD J.50 C.B4 14452 D.7%
1.350 1400 Zal7 13.44 0.83 12707 l.30 El1a17 3+89 D55 14383 0.77
1.400 l.000 4a.62 22 47 0.78 11221 1439 P5.18 4.89 D.57 14213 0.89
la6G2  1l.500 2a01 33.0h 0.78 9629 lefd R7. A0 SetT 0.57 14108 2.81
1.800 2.000 2449 45412 Cat3 7437 1.79 le29Y £.56 0.57 13912 0.B2
24090 2450 Jedt 6947 6.960 2165 SebF S3.6% B.82 6.58 13528 D86

24450 6435 T2.47 1.49° 41¢ Tl.72 1PCLGD 13.31 0e64 12694 1.01



b WL Eara E I

PO 8Box 29
Homer City, PA 15748
412-479-9011

o

. L
. g . Pannsylvaia Eieciie Cormpany
Certificate of Analysis Homer City Labaratary {,\
sseription: Lab No.: S00700473
CROWESJRG RAW COAL/LIBERATION From: €@ INC
RUM #960%1938 tampledg: /
41001 CRUSHEL TO 3/K"™ X & Gross Wtae: 132.8000 Kg

COMPOSITE SIZ2E DISTRIFUTICN ANALYSIS

SIZE IN mm ~==——--ewecasa——o o DIRECT==m=—m—-m——wseseoe  creemo—e o CUMULATIVE RETAINED-=========-
ISSED RETAIN WY % LsH SULFUR  BTU/ZLE SO2/MBTU  WT X ASH SULFUR  BTU/LB S§02/METU

Te60Y  B3.9C . HeG9 Da6% 13454 8.95  83,9¢ 8,99 De64 13454 8,95
3+630 G150 564 15409 0.73 1172a 1.74  RY,60 9,37 D.65 13345 0497
0a156 ©.07% 2.39 25,76 .76 12281 Ledh,  S1.%h 9.78 1.65 13266 5498
G+075 Bau2 93,70 9.56 6134 1462 100.00 13.31 Debd 12694 1.01

Fane 7T of ?

Parnnsyhana Electne Cor~pany 15 4 Member of the Ganaral Pubde Uultes System

:tomer 224 19990

PO Box 28
Homer Crty. PA 15748
412-479-9011

&
- . g . Pennsylvamia Electnc Compan g

- enelec ;‘:" CerI{fICﬂ[e Of AﬂalySIS Homs:C\w Labaratory P +\
zscriptiont Lad No s Q00700473

CROWEBJRG RAW COAL/LIBERATION From: CG INC

RUN #9{051900 Sampled: P

410061 CRUSHED TO 3/8B" X U Gross Wt.: 132.8000 Kg

TOTAL SAMPLE

PARAMETER AS RECEIVEL MOl STURT FREE Mafor Elements in Ash

ROXIMATE % =407 47404
% Total Moisture 9,42 ¥ AL2D3 15.£9
X Ash 11.92 13.16 X Fe203 11.24
X VYoLatile (non-sparking) 30.58 33e76 X Cal 16«51
X Fixed Carbcoen {(by difterence) 48,07 53.08 % Mgl 1,32
.TIMATE . % Naze U.64
% Carbon B4e33 71.02 % K20 247
X Hydrogen 3.99 441 ¥ 1402 [ 1]
X Nitrogen 1.36 1.%0 X Mn0O2 le22
X Tetal Sultur fatd ba6% X P205 Ca37
%X Ash 1.92 13.15 X S03 2.19
X Oxygen {(oy difference) fa25 9.22
il fur Forms TOTAL % Fh. 40
% Pyritic Sulfur [e25 0.28
%X Sulfate Sulfur .01 A,01
X Organic Sulfur 0. 47 ey  me-—e R b Dbt L D
------------------------------- Grindatbility 62
Calorific value (EBTU/LD) 11478 12672

% Chicorine n. 22 n_%a



}

toper 22 165%10

scriotion:
CROWERURG RAW COAL/LISERATION
RUN #90051904
41001 CRUSHED TO 378" x &
TOTAL SAMPLE

Softening Temperature

Hemispherical Temperature

tluid Temperature

2750+
excceaes

Initial Deformation Temperature

Sianifies Fusion Teauerature
instrument capabhilities

Certificate of Analysis

Homar City Laboratory

PO, Box 29
Hamer Crty, PA 15748
412-479-8011

n

Pennsylvarvg Elwcilrc Compiny ‘-“\

Las> MNes: JUGTOO4TI

From: Cag INC

samplect P

Cross Wtae: 132.8000 Kg

ASH FUSTeTLITY

REDUCING ATMOSFHERE
Negrees tarenhe it

fhproved:_ }ézzﬁﬂsgégzwzybtz L

OXIDY ZING ATMOSPHERE
Decrees Farenheit

ate

Pennsyivana Electng Company & a Member of the General Pulihc Unies Systein

SEP 281930



[ O P R

Certificate of Analysis

PO.Box 29
Homer City. PA 15748
412-479-9011

A
Pennsylvama Elecinc Company -a;\
Homer Cuoy Laboratory % \\‘
00700474
e INC
A 4
669000 Kg
~==CUMULATIVE RETAINED=======-=-- -
ASH SULFUR BTu/LB s02/MBTU
10.21 D.BR7T 13le4 l1.33
820 «67 13462 0.99
b.78 De7 13374 1.00
13.52 Debé 12626 1.0y

WASHASTLITY “nalYLIg

escriotion: Leb KOs

CROWEHURG RAW COAL/LIBERATION From:

RUN #30051900 Sampled:

41001 CRUSHEL TO 28M X § Gross Wta:l
sIZ¢ iN mm --ee-- e ————————— DIRELT-w~romrrrroromcmro- rrrroroe—
ASSED  RETAIN T 2 ASH SULFUR ETU/ LE SAZIMETU WT 2%

0.600 2443 10.21 0.87 13164 1.727 Zedtl
G608 G150 5188 Ha11 J.65 13476 0e3F 54431
0.150 C.075 21.53 10.23 Deb7 13150 1e7F TGebit
9.07> 24.16 PR 0«63 132p1 1,72 190.0°0
Results reported on Cry

y 3asis and normalized to 107%

L
§ Screen sizes are souare holes Tyler

?\mesh uriless desiagnateg otherwises

'

ttober 22y 1%%0

escriotion:
CROWEBJRG RAW
RUN =900519408
41061 CRUSHED

FLOIAT/SINK OF

GRAVITY

SINK  FLOAT vl %

1.250 5657
« 2508 14390 19. 14
« 300 1.350D Ls96
«350 l.400 %31
«4 00 le&00 4431
«+600 1.800 1.38
«HG0 ZeB0LC 0.61
«000 2.4590 0.92
49l e 80

CIAL/LIBERATION

TO Z&8M X D

PFgnnsylvarua Eecine Company s a Mamimr of the General Pubite Uulies Sysiem

Certificate of Analysis

Lab No.:
From:
Campled:
Gross Wte:

Page 1 of «© sporoved:__ M(‘%;«mrv_ Dateo_gzz.lggo

I

£0O Box 25
Homer Cily. PA 15748
412-479-8011

Penngyivama Electne Company
Homer City Laboratory

~ft
i

900700474
Ce INC
[ §
669000 Kq

ELUS BY 0.150 mm FRACTION REPFESERTING 54431 % OF THE TOTAL SAMPLE
DIRECT~=~-=-==-==-------c> oo o—r- CUMULATIVE FLOAT-—=emrowr—e——ae
ASH SULFUR BETU/LE SO02/MBETU Wl oz ASH SULFUR BTU/LB S02/MBTU
159 J«48 14508 De&t 56«57 1.59 De48 14508 Dab6
3.98 0«57 14085 .81 TS eT1 2«19 0.50 14402 0.69
Getl 0.61 13810 C+BR B2 &7 2455 .51 14352 0471
1029 Da&5 13237 la00 BT .98 3.01 0«52 1428% 0.73
21.772 096 11442 1.57 92 .29 J.89 Ga54 14152 B.76
37489 1407 RI0T et 23 .67 4«39 0«54 14072 Ge77
4722 le47 526¢€ 4.69 94 .29 Ge67 O«Bb 14021 0.79
59.4°5 1.76 342 1Ma%5 25 .20 S«20 6«56 13918 DeB1
[ 2eb0D 266 19%.02 10006 8425 Debl 13263 0.3



[ IR R R

Certificate of Analysis

cscriptions Lab Noa:
CROWEBURG RAW COAL/LIBERATION From:
RUN E9CO091900 csampled:

41001 CRUSHER TO 2&M X 0

Gross Wia.:

PO Box 29
Homer Cry. PA 15748
412-475-9011

')
Pennsylvania Elecine Company “R
Homer Cuy Laboratony M

FU0TOL4TS
cr INC
LA
H6.9000G Ky

FLOAT/SINK OF CelBHC BY UeB75 mm FRACTEC™N RERFECENTING 21.53 X OF THE TOTAL SAMPLE

GRAVITY ~-m-mm—mmmmmme—e~——— LIRECT=-—=~>m-—m———— M mm—m | esmsmss—smm——— CUMUL ATIVE FLOAT»=-—-~ - —————

SINK  FLOAT WY % ASH SULFUR BTU/LE  S02/MBTY YT % ASH SULFUR BTU/LE SO2/7MBTU
1250 49.49 l1.04 D+46 14460 .63 49 .40 1.04 D46 14445 0.63
#250 1.300 2125 2eb3 0.5 14256 CeT4 TG .70 1.52 D.48 14402 febb
«300 1a350 10.68 44687 0.54 13201 TR 5l .47 1.96 .49 1433¢F D.68
#3250 1.430 G.61 - Ce62 13278 .55 BB D2 2.39 De49 14269 0.6%9
400 l.60C Jeht .09 CaB0 11744 1.57 B2 a4 5.03 te51 143171 CeTl
«600  1.800 1edu LA .59 ER L Cels o0 LET LTS3 Ce9l 140%% Q.73
«BO0 2.000 Jatit 0,00 < T a0n
000 2.450 1.27 Y3403 1.82 4e9g £.09 GZel4h 4a22 0.53 13971 075
450 T+ 86 7120 202 206 170,72 170 .0¢ He™ Dabt 12891 1.08
Page 3 ¢f b
' Penmsylvana Elecine Company % a Memirts of the Gereral Pubhc Utidwes System
tober 27+ 1940
: P.O Box 28

Homer City, PA 15748
412-479-90 11

&
) - " o . Pennsylvaria Elacinc Company b
m‘."ﬁ"ﬂ?’m Cerl{ﬁlé alé’ Of Analy.ﬂs Homer Cay Laboratory %\
. sl
scription: Lad Nos: SG0700474
CROWESJIRG RaWw COALF/LIMERETION From: Ce INC
RUN a500E5194¢8 cLampled? / /
41201 CRUSHED TO ZaM™ X U {ross Wte: 66«9000 Kg
FLOAT/STwA UF 775 BY DeORU mm FRLCTID, RIPRESENTING 24216 % OF THE TOTAL SAMPLE
GRAVITY mmmem—cmcemmmmeeoo DIRECT === -mmmmecocacooe crmemmee e CUMULATIVE FLOAT===-cewmemaas
INK FLOAT WT X L5 SULFUR BTU/LB  S02/MBTU Wl ¥ ASH SULFUR BIU/LE  SQ2/MATY
i.250 T«T8 1.158 Ve44 14750 C.60 T.78 1.15 Je44 14750 Oeb 0
250 l.3ge 12.24 2462 Detde 14384 Teb 4 21 .06 2.12 0.45 14515 Oat2
300 14350 19.18 ZeRT Ded4b 14211 labd 40 .24 2e%6 D45 14372 bab3
350 1.400 16«27 6e5F D47 13775 Cabl f50.32 3.68 Oes86 14253 Ceb4
400 1600 Teb5 12.0G7 Ded7 12959 .73 57 .97 4,79 De4c 14082 0«65
600 L1.800 T«95 2Tt Qg4 L0528 0.6 £5 .97 T+48 0.46 136532 De67
800 2.GB0 £+ 25 48.27 D.42 6903 la23 T2 17 11.01 De.tS 13669 0.70
GO0 24450 S« 81 £6W12 0.28 4274 1.77 8T «97 20.%1 B4y 11487 077
450 12.03 T8.2% 1.78 1H22 19453 100.0¢C 2T.81 Da60 10326 1.17



PC Box 29
Homer City, PA 15748
412-473-9011

Peneigc4Gru Certificate of Analysis T 0

iIscriotion: Lah No,.: 900700474
CROWEEJRG AW COAL/LIBERATION From: R INC
RUN #S5505193G7 ftampled: /7
41001 CRUSHED TO 28M x 0 Gross Wtes 66,9000 Kg

COMPOSTITE WASHABILITY ANALYSIS OF FLUS EY 0.700 mm WATERIAL

GRAVITY ~==mmcmcc—eecemoa- DIRELT-wmmvmmmmmmc o IR S TR CUMULATIVE FLOAT=-====mancmwu-
SINK  FLOAT Ntz ASH SULFUR  BTU/LE SO2/MBTU  WI X% KSH SULFUR  BTU/LE SO02/MBTU

1.250 453.26 1a63 Ga87 14508 Jeh® 43426 lethd 0.47 14508 0.65
1.250 1,300 13.1u .41 0454 14183 DeTk [ 2e02 Oet3 144172 0.8
1,330 1. 3505 10.72 44%H D53 14003 [ T2a1% Ceth 0.50 14351 NekS
1.350 1.400 5431 RaFC Jefk MRS Daby THe 46 277 .50 14276 0.71
14400 Teb (0L 4452 17.71 [ 3 12087 1420 ha 5% lafa 0.52 l14a14% 0.73
1.600 14600 2097 AT Usbe 7040 1,37 Bl te a7k D.52 14000 0.74
1.,800 ¢.000 lan# SR L.LA Tubl Libe l.8D FhaZl Sebb U.52 1384 & Da76
2.00°0 2.450 4a09 B4 T4 Babl 4216 Pebx 5P RO R.5% D53 13373 T.79
24450 T.20 Ta.ro 2413 RES 4427 100400 13436 D64 12473 1.03

Page H of &

Pennsytvarua Electnc Company 1 a Member of the General Publc Unlites System

ctober 224+ 1550
- PO B8ox 29
Homer City. PA 15748
412-479-9011

1

&
m%’”m Certificate of Analysis o e g +\

escription: Lab Noe: SODTOO0474
CROKTBURG R AW COAL/LIBELRATTION From; CG INC
RUN ®#9C051907 sampled: VAR
41001 CRUSHED TO 28M X D GCross Wt.! 6649000 Kqg

COMPOSITE SIZE DISTRIGCUTION ANALYSIS

SIZZ IN mm e emmmecsemmemme—e—e. DIRECT~=wemrremorec——cece  wrceccwcccewe CUMULATIVE RETAINED~mwwcwccaann
ASSED  RETAIN w1 X ASH SULFUR ETU/LB S02/MBTU WT X ASH SULFUR BTU/LB SG2/METU

0.15%% 54431 £.28 0.6 13263 [ S54.31 Ba28B 0.66 13263 089
0.150 0.073 21.53 9.95 0.64 12891 1.00 T5+84 875 0.66 13157 1,00

G075 24816 27.81 G.60 10326 l.17 100.00 13.2¢6 0.64 12473 103



EERVIVER] P A

P.O Box 29
Homer Ty, PA 15748
412-479-93011

ds
B RN L 5 e (el . Parnsyhvanta Elacine Company L
S g Certificate of Analysis Home+ Culy Laborsiory \
elen’ |
'
sseription: tab No.t 300708474
CACWESJRE RAW COAL/LIRERATION From: ct INC
RUN #5C00%1907 Sampled? 7
41301 CRUSHED 70 2EM X L Gross Wtal 6£6.9000 Kg
TOTAL SAKPLE
SARAMFETER AS RECEIVELD MOT<TUREZ FREL
%X Lsh 12433 13.44
% Total Moisture Ra29

Anproved:_ &W‘%@%‘Z DateG_CTzz 7990

Pennsyhania Elecine Company 15 a Member af 1he Ganeral Pubhc Linhies Systen




LUuclh e

1 22U

Certificate of Analysis

PO. Box 29
Homer City, PA 15748
412-479-9011

Pennsylvania Elecinc Company

P =

Hemar City Laboretory \‘
WASHARILITY fNaALY®!S
scriptiont Lab Noa: 550700475
CROWEBURSG RAW COAL/LINERATIGN rrom: €O INC
RUN #90051500 Sampleds A
41001 CRUSHED TO 100M X © Gross Wtel 20.170% Kg
SIZY IN mm @ ~=====escsmeeoooo o DIRECT-wememsmmemmswowre cemceecsce~= CUMULATIVE RUTAINED=~~wew—w—e-
SSED RETAIN WT 3% ASH SULFUR LTU/LE SC2/MOATU WT X ASH SULFUR ATU/LB  SD2/MBTU
0.15C 2.91 10.90 C«5% 13276 Dabti® 2491 1G.00 D«e59 13276 Ge8S
de190 G.07% 2660 ] f.tg 13206 Dal7 35450 Galk C«bE 13211 GeRB
0+07% 60450 lbat§ 0.77 1215%¢6 1.7¢ 150.940 l3.78 0.6% 12572 1.10
Results regorteg on Ory
Basis and normalized to 130% 4%57
\ Screen sizes are square holes Tyler ’@77’@, . CT22]990
mesh unless designutecd otherwice. Pane 1 of & soproved:____ s ’ 7 Date!l___________
Pevnsyhvare Electric Cormpsany & o Member of e Gaoenal Pidc Uiddses Systent
tober 22+« 1990

Denielae 4 GPY Certificate of Analysis

£.0. Box 29
Hamer Ciiy. PA 165748
412-479-9011

Pennsyivaria £lecine Company W

&
b

Homer City Laboratory '“
'scription? Lab No.: 500700475
CROWEBURG AW COAL/LTcERATION From! Cq INC
KUN £B0051960 Sampled: T
41061 CRUSHED TO 100M X € Gross Wte: 2041705 Kg

FLOAT/SINK OF PLUS  BY  0.075 mm FRACTICHN REPFCSCKRTING 39.50 ¥ OF THE TOTAL SAMPLE
BRAVITY ~e-eecewmcea- ~ece=(IRFClmrermemmemcmcseenee  soceecemcee—- CUMULATIVE FLOAT ~m=m==mmm=e -
JINK  FLOAT S ASH SULFUR  BTU/LB SO02/MBTY T3 3 ASH SULFUR  BTU/LB SO02/MBTU
1.250 4z.12 1.29 ‘Dal6 14742 Ge62 42.12 1.20 Getb6 14742 De62
250  1.300 24,80 2.6 Da4B 14445 0.67 66 .92 1.73 Ds47 16632 0.6
300 14350 14467 4,90 f.51 14885 Ca72 Bl.59 2.39 DadB 14524 B+65
350 14400 5.31 10.95 0.5 13158 C.856 #6 .90 2483 D.48 14450 G467
400 14600 3.91 2Ga 41 0.69 11819 1.19 90 .81 3.60 0e49 14328 £.58
V600 1.800 1.67 5a42 DeblB 9253 le47 ©2 446 4,18 Ds49 14236 £.69
\B00  2.000 Dagi0 0.60 6 0400
W00 2.450 1.27 58455 0.92 4999 3.67 93 .76 4492 050 14111 0.71
+450 6e24 76413 1.61 25 1265465 106 .00 5.36 6.57 13211 0«86



r2scrinption:
CROWEBURG R4&W COA
RUN 950941900
41001 ZRUSHED TQ

FLOAT/SINK OF

GRAVITY = ==me-—-

SINK FLODAT Wl X
1.250 17.96

«250 14330 1730
«300 1.350 21484
«350 1.400 11.15
400 1.67% 12,14
b0 laniy 3. 86
«HO0 20600 1.00
L0000 2.4%0 246K
450 10406
3
#
v"\
'\
ctoser 2Z. 19%4

escription:
CROWEHSRG AW COA

RUN #50051900

41001 CPUSHED 10
Comp

GRAVITY m——————
SINK  FLOGAT W1 X
l.250 27.5¢C

1.250 1a.300 .26
1300 14350 19,050
1.358 1.400 BaB4
14400 14600 f.8%
lab630 1500 3.00
1e80u 243090 Jebl
24000 2.450 2413
2450 277

Certificate of Analysis

P.O. Bux 29
Homer City, PA, 15748
412-479-8011

Pannsylvams Electne Company
+omer City Laboratory

&
H\
4

lLub NOa2 960706475
L/LIBERATION From: ca INC
campled: /A
100 X 0O Lross Wt.: 20,1705 Kg
a07% EY 0+0006 mm FRACTIDN REPRESENTING 6D.50 X OF THE TFOTAL SAMPLE
----------- DIREL T mmermem e me e v ~mermmc—— e n s CYMYLATIVE FLOAT =2 =—-m—m ==
ASH SULFUR BTU/LBE Sdeg/vBTU YT % ASH SULFUR BTU/tB S02/MBTU
le1l0 D] 14655 Te6® 17«96 110 0.+51 14665 e
2,08 0D.02 1443] TeT0 15 «2¢ 1.59 0e51 14550 G.7C
2.87 0.51 1a49C CeTD L71.0% 2.10 051 14527 .70
boeh? Dab 1h4ky La7% theldy 2.650 0.51 la4430 0.71
1l.2¢ 0.57 TR0 [ [UE.] .95 t.52 14217 Q.72
Pue 3 Deb5 1C71l8 l.21 t4 .23 4,493 0.53 14056 0.7%
4109 N.8A 7733 ?e27 85 .23 5e 36 053 13982 0.76
TreT2 D70 2 Gy 4« R4Y BT 402 Tedl Da54 13644 L.75
Hl . &1 2.38 Ser ‘1.7 150450 1623 D76 12088 l1.26
Fage % of 9
Pencsybans Elecioc Company 15 8 Member of the General Publ. Utdies System
PG Box 29
Homes Cwy, PA 15748
412-479-3011
-
¥ - Pennsylvania Electnic Campsny bt
Certificate of Analysis Homr Gy Lsboratory X
Lab Nca: GC0T0R4TS
LALISERATION From: Cg INC
“ampleg: T
toer x4 Gross Wtael 2C+1705 Kg

DSITE WASHABILITY ANALYSIS OF  FLUS EY L0000 mm MATERIAL
----------- DIRECT=wmmmmrmecemmcrrcns wmee—ceeam o= {UMULATIVE FLOAT --ww=ecmr—m=e
AZSH SULFUR GTU/LB SO2/MBTU ¥T % ASH SULFUR BETU/LB SO2/MBTU
16 De48 14711 J.68 27«50 l.16 0.48 14711 0eb5
235 050 14438 0.67 47477 1.67 Be49 14595 0.67
303 0.51 164367 .71 FheTT 2420 0.49 14530 JebE
6a77 0.53 13790 D78 75461 2473 D50 144389 01.69
12453 .60 12773 Na93 #a .50 3.80 0.51 14264 .71
27460 Da66 10322 l.26 FTe49 4462 D451 14131 GaT3
41407 .86 7745 2e24 s8.19 G487 0«52 14087 Ue73
69427 D75 3402 4447 C0.23 642G 0.52 13835 D75
79394 2.18 3985 116.27 130460 13.52 J«68 12522 1.0%



[ b S I S

PO Box 29
Homer City, PA 15748
412-479-8011

A
> L gid 3 Pannsylvania Electne Company ‘H‘
e Certificate of Analysis Homer Cuy Laeratery L
escription: Lab No.: G00700475
CROWLRIRG Ity COAL/L IBERATION From: R InNC
RUN A220Z21902 tampled: / /
410401 CRUSHEDT TO 100 x L Gross Wta.: 20.170% Kg
COMPOEITE SI/JL DISTRItUTION ANALYSIS
SIZE IN MR wemeemmmece—msmea DIRECT+tumumetocom oo mom=  amecceces-es CUMULATIVE RETAINED==couoooo—o
RSSED RETAIN LR ASH SULFUR BTY/LR  SO2/MBTU Wl % ASH SULFUR BTU/LB SUO2/MBTU
2073 319.510 338 0.57 13233 0. Rb 9.50 .56 Deb7 13231 D.R%
G075 50450 16«23 Pe76H 12008 1.26  150.00 13.52 G.68 125822 1.09
!
| Fage 9 of 5
Paansylvaria Elacing Company 5 & Mermber of tha General Public Ulihtes System
itober 22y 1S40
PO Box 29

Certificate of Analysis

Lab NoesI
From;
tanpled:

pengloc 4GPU

'scription:
CROWELURG AW
RUN #80051907
41001 CRUSHED
TOTAL SAMPLE

COALZLIBERATION

TG 160k x C

PAXAMETER

AS RECEIVED

% Ash 12.38
% Total Poisture

WCITTURE F&ET

tross Wta:

Homer Tity, PA 15748
412-479-9011

Homar Ciiy Laboratory

Pannsylvania Electric Company .ﬁ\

YUCTO04TS
cae INC
YR
20.1749% Kg



APPENDIX D

Wyodak Seams Raw Coal Liberation
Data



nEary 23a 1wl

Penelec 4GPU

serintion:

WYOMING=WwYCLaK SEAMG ELLTEDY

Raw COAL LIDBEIATION

41001 ZARAUSHAED TD Sf4v x i
S12E IN M —-w-s-m---——e-e-
V8SED REITAIN T ¥ LG

13.000 D.%¢ f.eT0

19,0600 tLSLC 1.5 WP E
5.5C0 Ceb 00 Dheb0 fedb
O.600 Nel%7 4ol6 Tatbd
g.15¢L DeGTS JeTh Guulk
G4075 bedy 1T.028

ish resualtls

Results repocrted on Dry
Basis wnd normaolirec to
$ecreen sizes are sguare

vy

hoteas

Anuary 29. ]1496)

repgortee on i &

mesh unless cdestgnated otherwise.

Certificate of Analysis

P.O.Box 2%
Homer City. PA 15748
412-479-8011

Peansylvania Elactric Campany
Homar City Laboratory

o

A
W

Y
\

WASIERPTLIT ¢ahLY" IS
Liag HOes cr110601%
Ty irom: e INC
fampled: Car2e fug
(ross wi.: beS.4000 Ko
el RLLT -~ wmmmwm e m e mu==  ——-sssms s CUMULATIVE RETAINEU=====wm=w==-
SULFuUR LTa /Lt < sty AT ¥ LS h SULFYR BTU /LB S02/M3TU
CabC 11870 [ Ge%5 €470 0.56 11ET70 0.94
Je50 12087 Ja° A2.6% SL¥H et 12056 0.52
Jenl 11949 1.71 B7.10 b.1i2 J.59 12020 D97
107 114591 1.7% Flebn Ge19 tetl 12003 1.01
1.04 116V4 la S3efh4 rel5 b2 11994 1.23
[ 1o la.t 19G.20 (.87 Jefi2 11PHD 194
rr=-free hasia,.
Tyler

Penelec 4GPUI

ascription:

Certificate of Analysis

2 A
Pace 1 of 7 ﬁppreved:____xégé%jigéééégg:}éiz Late

Pannsyivara Elscine Company o a Mamber of the General Puble Utiies System

P.O. Box 29

Homer City, PA 16748
412-475-9011

Pannsyivania Electric Company

Hamer City Laboratory

Leb fo.d vG110901%
WYZMING-WYODAL StaMs #%L032400 From: Ca INC
Hoaw CO8L LIvLRETION templeds L7257 50
410C1 CRUSHED TO 374" X © Cross Wter 665.4000 Kg
FLOAT/SING OF FLUS BY Go6090 mr FRACTIO' RIPRLENTINCG  R7.18 % DF THF TOTAL SAMPLE
GRAVITY ~wvecmccvavwccacooao NIRCCT-------=-7--r--->-=  =recs=csssc=. CUMULATIVE FLOAT~-v-mrmeeemw
SINK FLOAT w1 X ASH SuULFYR CrusLeg TOo2/MBTV ¥ % LSH SULFUR BTU/LE SO2/MBTU
1.250 10.99 3eBE Det7 1272367 La78 10.99 JaB5 D47 12367 0.76
«250 t.3G0 7386 4400 Geda 12150 0.76& B4 «85 4447 D+46 12178 Ce76E
« 300 1.35¢C he 27 beb7 B.55 1167k T«93 91 .81 4ebd D.47 12155 D77
350 144370 339 Fe07 0«66 11426 ielE Y380 4482 J.%R 12120 D.79
<400 1.500 7. 86 2460 G592 9275 1.96 58 .65 Debil Ge4% 12042 CeB1
600 1.R0C Ba76 5037 1,07 S bbE Jeb4 99 «3E 572 BDua43 1199& DaB?2
LB00 2,300 Gedl b4 ede l.27 3962 te39 S9.6E Hah? GoSD 11974 0eB3
w000 24450 Ge 0% - ra11 31be 19.50 G472 Se%3 C«50 11969 [«R3
+459 LaZH T1.17 6eS7 1835 T1.47 170460 611 7.51 119460 DaB6



P.O.Box 28
Homer Cit. 15748
412479
¥
. - . Pennsylvama Elactnic Company o\
mm Certificate of Analysis Homer Ciy Labarstory i
escrintion: Lan NGel Yr11boo1n
WYOMING=LYOQDAK SEAME REOUT o240y irom: e INC
RAW Cl4L LTIBERATION Sanpled? C9s25/90
41031 CRUSHED 70 asa" y @ Lross wte!l 6654000 Kg
FLCAT/RINY OF Zoli bY Celbl ome bAdC0TIO0 MFEs 0 SENTE N 4.76 % OF THE TOTEL SAMPLL
GREVITY ~mmecmsccama—w=a—- R O e e T e L T CUMULATIVFE FLOAT === mmmm o= =
SINK FLOWT w1 oa wGM SU_FUF STU L TL2areTU T & AShH SULFUR BTU/LBE SQ2/METD
la25C .07 .02 N LIRS (s
v 25 1300 4. Gh Jaban Sty Lhlpn 181 4 b TabR 1.610 13188 G.51
P3G0 1.5y THauh 2.1 Deh6 170%1 s £A.11 Za b .47 12135 [
350 Ta.403D =L Ta322 .47 L1v&l LT FHLET 430 Neg7 12087 (aTF
000 Leban Ta20 LI I A R A j.af th RO SL 02 De49 11557 f B3
fHTD 0 1.5713 1.71 ThahY .04 Fead P Y 25,90 Sal4 te51 1129L7 C.86
- i3t] el HIT LR I,un Sk 4,17 7 .kt 5«59 D53 11870 9,50
P ] Zabhl PR helit Cabd BRI E# CAErT A “H LI £ =04 Dbl 11R03 14063
=37 len AN V7052 Tl 17050 ILdeCr T.19 RS 11651 1.53
Fage Joof 7
Penasyivania Elecine Company 1s 4 Member ul 1he General Puble Luhines System
o . ‘3 [,.‘"'41‘
anuary <3y 1 PO Box 29
Homer City, PA 15748
412-479-3011
-
. g . Pannsylvania Electne Company v
Penelec 46PY| Certificate of Analysis ™™ g\
seriction: .aD NGOt 51100019
WYCHING-WYILAX SLAMS 50002400 rrom? Cc INC
Ahw COAL LIDLRATION Sampled: 69725790
41241 CRUSHEDL TD T/7u4% X Lross wte: 6654000 Kg
FLIAT/SINS OF Te1%0L BY (075 mm FRLCTIC REPAFACATING 1.78 %X OF THE JTOTAL SampLf
GRAVITY —  —m=emorr— o —seas DIRECT~»e—-—ommmmmmmemmrr | mommm e m e CUMULATIVE FLOAT--=mse—meac-~
SINK FLUAT WT % A5 SULFUR BTUsLb E02/KBTU YT X ASH SULFUR BTU/LE SD2/PBRTU
1.250 0.00 g.C0 0 L«00
«258 1.3GC0 10.23 Je3b Da58 12990 [s92 10 .58 3«30 0.58 12590 0a.92
<300 1,350 2986 401 J.4H 11983 . B3 36 .84 3479 FaDl 12143 D84
«350 1.408 20.24 LI o3 113465 T 6207 4.04 Led49 11BED DeB2
«400 1.500D 3.3 12.12 b.%3 107=2 Je38 Y3 .5E beb7T D58 11446 baB7
«600 1,800 laty 3G .t .16 B2Z4 ceftl 97 .08 T.22 Ja51 1139¢% D89
<800 2.200 Da0% 2.0C i .00
«0D0C 2.450 0. 80 B3 e840 4485 nize Nr.54 ST .00 T-€2 Ce35 11344 D.2E
$ 450 2420 7534 15.5¢ 17z1¢ 144e15 100 .10 C 3.11 Ga£5 11132 1.5°%



sy 1-71

ey |

'seriotion:
RYOMING=wYODAX STAMS 390092400

RAW COAL LTQERATION
41201 LRUIHEDL TG 374" ¥ ¢

FLOUAT/STINK CF 2.C00 mm FRACTION

FLPOLSENTI NG

Certificate of Analysis

Latr ho.:
from:
Sanpked?
Cross Wte:

P.C. Box 29
Hormer City. PA 15748
432-479-9011

Pennsylvania Electnc Company fi
Hemer Cry Laboratory

991100G3"

€& INC

09/25/99
665.4000 Ka

Be3fh t OF THE TOTAL SAMPLE

SRAVITY wmmwewrccrcccrcvren Rl rmmrecmsecarvus  mmmscvsmo—oo— CUMULRATIVE FLOAY s mmmmemwua
IINK FLOAT Wl & JTu/L: LA2/Mu Ty wT & 45H SULFuUR BIU/ALY SO27MBEYU
1.230 < TL0n
250 153 . RENIR]
300 1.9 3082 3 1 12651™ TaG7 I.83 4.kb Nab1l 12519 0.27
253 1.4790 Zeelr el ' 1177 S A TEW0D 9.27 Lel® 1187C C.B2
403 lanlf 67482 1277 Letl HREI 0N Je e T2.04 Gef 8 T et h 11247 HeTd
500 1.EZ0 luetld e )t Jettl B e TeF 92 434 12418 Cetd 18778 be&0
el 245700 5373 bl ent DegZ [CIGA 1297 =4 .02 12.4C Catd 10617 Neb3
COU  2e440 fe22 e 1l .44 puTe a7 Thoe2% 14«69 da4t 10440 J.8%
450 3. T3 Laats [ EAARS 1771.70 ittt 17434 Teo® 10082 1434
Fuge = of 7
Pennsylvarua Eiecine Company 4 a Member of the Ganaral Puble Unlines Sysiem
mudary 2. 1991
P.O. Box 29
Homer Ty, PA 15748
412-479-9011
— L aid 1 . Pennsylvania Elecine Company #
Penelec 4GPU Certificate of Analysis e o Lebormrs %
'scristian: Lad ho.! 451100215
WYGMING=wYI0AL SLAMT 907904 3 From? Ce INC
RAdy CO0AL LIEERATION Sumpled: fef25/50

+1ud1 CRusSAl) Ta 574" X

FOMFPUSLTE UpSHACILITY awualysls ©F FLUS

GRAVITY e G TR TR Iy A SRt h bl e e etk
SINK FLOBT Wl X AyH SJLFUR STU/LY  S02/MBTU
1.250 9457 3¢S Ce7 17387 Celn

1253 1.30°0 [ A 456 et 12104 f.76
Lw35) 1,350 4.55 5.9 Le32 11947 J.87
Le35%  1u403 6aeb% Tal4 0a57 11573 (o
140y 1.600 [T 17400 Dol 10z54 1e24
lLebUG 1.800C le7b 334853 GeTl Th ki 1oR1
1.B00 2.000 051 B30 leld GC51 457
24000 Za45C Dal4 ChenT S5l 3271 P I
2e450 Detl T6e07 Gebb 1Tee 1N0F 37

Gross Wt.:

6ET.4007 kg

EY 0.000 mm MATERTAL

------------- CUMULATIVE FLOAT===mrr-wmmv==
«“T % ASH SULFUR BTU/LE SO02/MBTU
.57 3 .85 D47 12367 Da76
Thad2 Go47 Bt & i2182 be76
3. 87 4451 a7 121595 D77
A, 42 4409 D.48 12113 0.79
S e B9 Sebl 0e4% 11989 081
UHe B4 61l 0.4% 11212 0.82
SU. 15 Geldb D% 11877 JaB3
EA L eSS0 0.50 11856 L85

190080 [SX ] 055 11794 J.93



LTV VTR

Penelec 4GPU

sseription:

Certificate of Analysis

Lud NGa:

PO. 8Box 29
Homer City. PA 15748
412-378-9041

\

Pennsylvarua Elactric Company wor
Homer City Laboratary ¥

Y011C001¢%

WYDMING-WYDDAS SCAMS Y 092400 From:? Ca INC

Réw COAL LIcIRATION Sampled: 03/25750

41001 CRUSHED TO 3/46" X O Gross Wte: CED4000 Kq

COMPPOSITF 5320 ODISTRI UTICHL ANALYSIES
SIZL [V mm meeemm— et cam——am—a DIRECT -~ sammmr—m e revrs  mmereecee——— CUMULATIVE RETAINED--rww—crewa
\SSED  RLTAIN WwT ¥ LR SULFUR BTUSLEY  SOC/AMETU WT LSH SULFUR BTUSLEB S02/MBTU
G602 8Te10 2 .51 119439 [ P 87 6011 D.51 11940 C.Re
0600 Jul57 44,75 1.0¢ Ju.BY 11651 1.°7 21 616 Us+5% 1192% 090
DWel150C U.07% la7F Gell fL.a% 11137 1o “3 622 a4 11510 0a%1
D075 baeldb 173 [N ] 150k2 Tei- el [ La0% 11794 [
Page 7 ot 7T
Pennsylvarva Electnc Company is a Mamber of the General Pubhc Utihtses System
inuary 25. 1941
PO.Box 29

Penelec 4GPY

rserigtion:
WYCHMING=RYILwd SilfMs
Faw COAL LIBERATICN
41001 CRUGHED TO 24" ¥
TITAL SAaMPLE

DLrAMLTER
X hsh

% Total “Yoisture

ASLRrY LD

Certificate of Analysis

Lab Neo e
From:

Samplec:
tross

Homer City, PA 15748
412-479-9C011

Pannsylvania Electric Company !
Homer City Laboratory ¥

SG1L05615

Ca INC

PS/25/vg
£65.4000 Ky



e ry Jps 1y

Certificate of Analysis

altbtA-TLT 7Y CALYSST
tecrinption: Lo hoet
WYOHIRNG=WYOLAK G aMEo 1m0 ealn Fromi
Rhd COAL LIBERATION campled;
41301 CAUSHED TD Ase" XL iross Wt
------------------ P A R ———em e
«T LR SULFUR AN . 4T 1
L] Felt Cabd AR L.t LIOR
HlaDk el 0.553 i2ang T.0 Bheol?
[ AN Y] f.95% 1red las.o Jl.tk
1461 .35 1.07 114112 1,74 SL.r.
Lelh 1637 Dabrt 1257 loon 10Ca{ 2
Luh resulls reportec on oen o oa=free coris.
Kesuits reported on Jry
Basis unu mormalizeo to 1277
screen sizes are sauarc holey Tyler

Penelec 4GPY|

escription:
KYOMING=WLYODAK
RawW

413401 CRUSKED 10

FLOAT/SING CF

GRAVITY —--====
SINK FLDAT WT
le250 16.59
+250 «300 38454
«300  1.350 32.71
«350 l.4G0 S.BU
«400 1.600 3.20
«600 14830 Let7
«-80G 2e«060C N.29
«000 Za450 Ge24
«45G Jal6

fymesn untess desiognated otherwise,

S5t AMT

COAL LIBEIATION

e 1 ot 7 tnproved:

Paringyivera Elcine Company s 8 Member of the Genaral Public Linhtes System

Certificate of Analysis

Leb MOWI
BRI From:
Sanpled:
I X o tross wte
PLUS 0y Ve CD mr FAALTIC: REP-TSENTING  Bh
----------- DIRECemtmmm e rr e s o~ =~ = e —
ESH SULFUR TTufLb SO02/4MBTU wT %
LR Daty 12375 JaTe 18.5¢9
L D43 12263 heTD A7 .13
510 Fesd 1205¢& Le71 F9 .84
lie B D60 114596 lel4 75 .43
137 0.8l oZ6H 1.75 58 .65
51402 0.98 STBO I8k 48 .31
B4 . T4 1.54 4034 .60 99 .61
Tlebl 4455 reeT A0.05 SF .84
65.14 10.6% 1764 1:0e62 110 .0L

PO.Box 29
Homer City, PA 15748
412-479-90NM

Pannsylvarua Electric Company
Homer City Laboratory

g =
{

SC1100GlE

e INC
/25790

H LOELLI0J0 Ka

~e==CLUMULATIVE KLTAINED=====-=em-w

REH SULFUR BTLsL3  SD2/M3TU
Falt Ce54 12018 Ueb 0
e05 (55 22001 Neb?2
bell D.5%0 11592 J.%0
belt Gathin 115962 {597
Geud Le5Y 11E&EB a9

Uate:J_AN 3 1 1991

£.0.8ox 29
Hormar City, PA 16748
412-479-9011

Pennsylvarnia Edsctnc Company ;vs\

Homar City Laboratory ¥

©6110C016
€6 INC
29723790
: 865.2003 Kg
<07 % OF THL TOTAL SAMPLE
~~=-CUMULATIVE FLOAT-==-—-wovuna-
ASH SULFUR  BTU/LE  SQ2/METU
4,03 Ded4 12375 D.72
4.27 D43 12299 0.70
4450 d.43 12211 6471
4ab4 D44 12169 Ga73
5.58 0«45 12075 0,75
5488 D.46 12032 D76
6.06 D.4é& 12009 0.77
€.21 D447 11387 3479
6431 2.49 1i970 0.82



e R O I S |

PO, Box 29
Homer City, PA 15748
412-479-9011

o . Penansylvania Elactne Company 5t
Certificate of Analysis Hormer Ty Laborstory \
rsgristiont Lab Yo.: 921184L01e
WYOMING-WYOOsK SEAMS H200504 70 From: ta INC
Raw COAL LIBIRATION sampled: pa/f2a/90
41201 ZRUSHED TG 3/8™ X ( Sross Wtel 665.2003 Ka

FLOAT/SINK OF Le&DL BY 0.15C =m FRACTICN ROPRESENTING 5.57 X OF THEL TOTAL SAMPLE

GRAVEYY = sceemsccecmeemca- B T A B Y ettt b L L CUMULATIVE FLOAT revemm e e mmme
SINK FLCAT Wl % &S H SuLF gk ERETYANLENRE NS AV ST ¥ ASH SULFUR ETU/LB SQ2/MBTY
1.240 jLlt 2.7F [T S ] Telt? 1l L7 J.%6 12901 Ga.RB7

L2806 Le3ut 1.47 L.RE Tk j2el7 ‘.96 2.77 3,89 lebB 12857 ta%52
V300 leiSg HES 4aln .51 l2a1t ek 14.2¢% 4,0¢ r.52 1239 C.84
+350 0 led5i [P 4.l [ T e T e Y £2 .51 4,1F Jeb4l  1212¢ D.6L
L4800 1.850 13447 Tu.20 Ge9k 11117 1. 0¢ Chalt 4,19 Yebhd 11984 Ca13
500 1.%032 1.29 Lhau? Zeln 776" o4 Hleln SRS Tebe 117357 0,77
WEO0 240070 el s 45437 3 60 TLUE 1iand BT Wb | A fett 11551 .00
U000 2ean” I [ RS o7 wlelk sha71 [REER J.5%  11t:= Lel2
Lahn L 20 T MESICET Y527 1:_.23 130l Geh? Te7Y 11714 1,33

Page RS T

Pennsyivania Electne Cormpany 15 a Member of the General Puble Uuknes System

indary 314 1931

PO Box 29
Homer City. PA 16748
412-479-9011

ot i

Penelec 4GPY| Certificate of Analysis o G ety \

scriotion: Lap Noal 1100616
wTOMING=-RYDLAC ST AMS agnrapgnd From: o INC
A COAL LIGERATICN Samplep: G9/28 /750
412061 CRUSHLD TO 378" X tross wta: 09,2007 Ka

FLIATSSING OF Oaln0 &Y 04075 mm FRACTION REPKRESENTING la61 % OF THE TOFaAL SAMPLE

GRAVITY =mememec——eneeemne UDIRECT“--r=erm—emer—creaa m———————— em==sCUMULATIVE FLOAT -~ eme=~
3INK  FLODAT WT % ASH SULFUR BTU/LB  SO2/MBTU ¥T X ASH SULFUR BTU/LB SQ2/MBT!
1.250 Geliv -0.00 0 G UC
»250  lelg0 0.79 Je47 0.37 13510 TeB4 079 3e47 0«37 13515% Ceb4
300 1.3550 15.04 el D.46 12002 vel7 1383 3.50 De5 12077 D75
350 1.400 57596 4401 D39 11725 RN =1 LBedY Ja%6 D40 11R1D LebB
400 14600 27.03 .02 Daay  1103% {e87 - L S 539 Gethe 11595 0.73
600 1.800 1.32 79471 1.07 1568 Jablb CbaT4 5.72 Ge43 11545 G.T5S
+BO0 24000 0.00 ¢.00 g Calil
O0D0 24450 1.09 S6450 432 41712 inell 37 .83 6e27 D«4B 1314780 Ne83

2450 2417 T4+ 40 15.46 2182 141,58 100 .00 T.75 6-80 11265 .42






daty o s1e 10001
PC. 8ox 28
Homer City. FA 16748
412-47%-8011%

o
<. . Pennsylvania Elecine Company .-’\\
mm CErII_flcate Of A nal_VSlS Hemer Ciny Laboratary % ﬁ
scristieon: Leb Noaes Q1196017
WYQMIKRG-WYDUARL SEAMS ps50u%24 L from: i INC
kaw COAL LIBERATION Sampled? ne/2%/29
41701 TRUSHED TO Z8BM x 0 Tross Wte: 4UL.ESCC Kg
FLIAT/ZSING OF lelS0 BY NaO75 ar FRACTION REPELSINTILG 19.62 ¥ OF THD TOTAL SLMPLE
GRAVITY rermmercreccnaanee- CIRICT CUMULATIVE FLOAT =e-cwmmmme—we
INS FLaaT « T X ARHE CTULFUR SULFUR BTU/ZLE SO2/7MBTY
14220
255 1,350 pe Gehbb 125357 Ueb?
100 laaus 23 Gebn 12431 070
330 1.450 L Jetbts 1155% Ca74
400 ML SR 14 Jattds ilele Lel¥
sLi el
KO3 2.5350 S0 Jab7 11763 a9
BOL  2aaSsi
“sh bodt .kl 114637 104
race of 6
Penngyhvana Elecine Company 11 8 Member of the Ganers! Public Utibies Systern
sMuary Ti, 1001 P.0.Box 29
Homer City. PA 15748
412-479-8011

Penelec 2GNY| Certificate of Analysis Homer oy Loborarare +\

sserioctiont Lab Koot sL110C0¢0C17
EYOMING=WYQ O AR SCEvS daflnZall From: s INC
qLp CTOAL LTIRERLTION Samplodl 3es23 790
431001 CRUSHED T Jsk X & Gross Wted 40.R300 Xg
CLOAT/S Ik OF ceD¥T LY DeS20 vm FRACTION REPT L SERTING 16 .02 % OF THE TOTAL SaRpdLE
GRAVITY ——== = vmwmmmm——-=- [IRFCTe~----rsvtcmmcmrew —cremr——vcma= CUMULATIVE FLOAT wmmmrrwe e mm-
SINK FLOAT T % AeH SULFUR eTU/LT SN2 /METY €T % ASH SULFUR ETU/LB S02/MBTU
1e290 L.l 0.2 u C«J0
.293  1.300 JeGf GeC0 3 (.09
L3060 450 ERE Go2° DeH1T  121u0 T e B4 9,10 44,2F D.51 12190 UaB4
w3590 latul = LA C.42 12962 Cel bl afd 4.2 L L] 12167 0.72
R 1.6030 dhaBa 10,90 C.43 1 HbE vae T 53440 EL5T 0.43 11759 D.74
L0000 14200 318 YHeb NS A-] RS leh¥ RS Y] T432 Ot 11640 J.76
L0000 Z.0D0 l.17 LR G.lbo e rar Sel2 T4 4 k] 777 JdedD 11574 Je77
VUG39 CetSd Zell: 1537 1.21 ERST “a52 TheGh 3,27 (et e 11X74 (B2
453 L.07¢ LS [ w14 151,01 0L 0 1102 dabes 110658 l.19



seriotion:
wYGMING=LYDLAL SLAMS PO 2400

4

I}

Rbaw COAL
41301

GRAVITY

SINS  FLJAT

i 1.25¢

1,230 14300
Lad00  1e33¢
14353 1.400

Plesfh 1,600

i 1abhi., 1.R0¢

Piemn)  2.05¢0
Zelliu P ]
2abhl

|

|

f

1

asNuary Jls 179}

LYLERATION
CRUSHED T2

ERMOX

COMPCSTTE WESRFTILITY ALALYSIS OF PLUS
----------------- DIELCT=mmmwmmm e m e v m e
Wi X ASn SILFUR BIYLLE  SLOsMBIU

Tai2 Tt I A
52 46w Jetdl Lt
41 L NEL RS HR
11.47 Del o Latet

.10 Ce®] et

GaTh 1ot 2 4t

ceil Jel? PR

Tal: by E

Fape L oof 6

Certificate of Analysis

Pennsybana Electne Company is 8 Membar af the Ganerai Pubiic Uthities System

Penelec 4GPY)

scricticn:

WYUMING -wY3IlAS St hmMe

Fd. CDAL LIBCIATION

41091 CRUSHEC TO ZEI ¥ v
ConERsITE
[Z7 IN mm = meemeccdemrmcuaa—. OIREC
SEC RETAIN WwT % ASH SULFUR
al50 54 .85 Ha9b SLe B
«150 0.975 19.62 Lot Get
«073 lée52 11453 Lok

RNy

PO Box 29
Homer City, PA 15748
412-479-9C011¢

AL

bl
Pennsylvania Electne Company Y
Homer Cny Laboratory %

Len Nouel 9611000117
rrom: LG INC
Sampted! reses /et
tross Wta; 43,8320 Kg

Ly S0 mm MATIRITAL

------------- CUMULATIVE FLOAT=~emmcmcemmon

wT % ASH SULFUR BTUZLE SO02/M3TY

el a5l 12456 L.a3

3,77 Caa2 12322 et

Galh Gewl 129074 Cand

201 Dodd 11332 Jell

HahS T3 11BBS M3

54 G4t 13840 ]

E.T T Jett 11785 UaT7

(2 Da.55 1ieb? 295

PO Box 29

Certificate of Analysis

T

S1Z28 DISTRIICTICN
LYUW/Ls  SC2/MBTU
11851 Baore
11637 ledd
110%% lal%

Homer Ly, PA 15748
412.478-9011

Penmsylvanie €leciric Company
Hormar City Laboratary

&
¥

lLab Mol S01190017
From: 4 INC
Sarpled: der2i/ e
Croess Wty 40.H20% Kg

ANALYT! S
---------- ~=CUMULATIVE RLTAINED==~"mcccom~a
Wl X ASH SULFUR BTU/LE S02/M8TU
b4 435 5498 0.51 11851 G.86
HBi«%8 6408 J.53 118017 a.30
1CQ0.0¢C 6+95 taB% 11ERZ D95



APPENDIX E

Plant and Component Yields



PLANT YIELD CALCULATION -~ HMC/WOC/FF FLOWSHEET 1

PLANT FEED (tph)
+28M (Wt %)

HMC YIELD
HMC Feed (tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Balance (Wt %)
Yield {tph)

WwOC YIELD
WOC Feed {tph)
Refuse Ash (Wt %)
Clean Coal Ash {Wt %)
Feed Ash (Wt %)
Yield - Ash Bolance (Wt %)
Yield (tph)

VARISIEVE YIELD
Varisieve Feed {iph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wi %)
Yield - Ash Balance (Wt %)
Yield {tph)

THICK CYCLONE YIELD
Thick Cyclone Feed [tph)
Refuse Ash (Wi %)

Clean Cool Ash [Wt %)
Feed Ash (Wt %)

Yield - Ash Balance (Wt %)
Yield {tph)

FF YIELD
FF Feed (tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Balance (Wt %)
Yield {tph)

BIRD CENTRIFUGE YIELD
Bird Feed (tph)
Refuse Ash (Wi %)
Clean Coal Ash (Wt %)
Feed Ash (Wit %)
Yield - Ash Balance (Wt %
Yield - Corrected :
Yield {tph)

PLANT YIELD (tph)
PLANT YIELD (W %)

41003 - Plant Feed

41040 - Refuse D&R {+28M)

41037 - CC D&R (+28M)

41004 - Deslime OF {+28M)

41011 - Second WOC UF
41007 - Prim WOC OF
41005 - Deslime UF

Varisieve Effluent
Varisieve Cake
41007 - Prim WOC OF

41026 - Thick Cyclone OF
41028 - FF Feed
Varisieve Effluent

41030 - FF UF
41029 - FF OF
41028 - FF Feed

Bird Effluent
Bird Product
(Calculaied)

15.15
84.29

12.77
62,92

4.95
10.76
89.98
11.49

2.38
49.00
27.61
30.69
85.60

2.04

2.04
46.23
7.00
27.61
47.46
0.97

1.07
49.43
38.65
46.23
29.68

0.32

0.32
41.66
8.61
38.65
9.11
0.03

1.00
58.95
14.89

7.05

117.80
100.00
1.00

12.49
B2.42



PLANT YIELD CALCULATION - HMC/WOC/FF FLOWSHEET 2

PLANT FEED {tph)
+28M (Wt %)

HMC YIELD
HMC Feed (tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Balance (Wt %)
Yield {tph)

WOC YIELD
WOC Feed {tph)
Refuse Ash (Wt %)
Cleon Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Bolance (Wt %)
Yield {tph)

VARISIEVE YIELD
Varisieve Feed (tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Balance (Wt %)
Yield {tph)

THICK CYCLONE YIELD
Thick Cyclone Feed {(tph)
Refuse Ash (Wt %)

Clean Coal Ash (Wt %)
Feed Ash (Wt %)

Yield - Ash Balance (Wt %)
Yield (tph)

FF YIELD
FF Feed {tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Baolance (Wt %)
Yield {tph)

BIRD CENTRIFUGE YIELD
Bird Feed (tph)
Refuse Ash (Wt %)
Clean Coal Ash (Wt %)
Feed Ash (Wt %)
Yield - Ash Balonce (Wt %
Yield - Corrected :
Yield (tph)

PLANT YIELD (tph)
PLANT YIELD (Wt %)

* Calculated

41003 - Plant Feed

41040 - Refuse D&R (+28M)
41037 - CC D&R (+28M)
41004 - Deslime OF {+28M)

41011 - Second WOC UF
41007 - Prim WOC OF
41005 - Deslime UF

Varisieve Effluent
Varisieve Cake
41007 - Prim WOC OF

41026 - Thick Cyclone OF
41028 - FF Feed
Varisieve Effluent

41030 - FF UF
41029 - FF OF
41028 - FF Feed

Bird Effluent
Bird Product
{Calculated)

15.06
80.92

12.91
49.53
4.40
8.66
90.56
11.04

2.87
42.68
26.04
31.63
66.41

1.21

1.91
43.78
4.44
26.04
45.12
0.86

1.05

46,57

37.57
43.78
31.00

0.32

0.32
69.35
8.40
37.57
52.14
0.17

1.03
45.17
5.03
51N
99.81
99.81
1.03

12.06
80.11
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